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CONCLUSIONS

1. Within the MX Missile System potential impact area (including the
four aquatic study areas) a number of relict, endemic, sensitive, andendangered organisms occur.

2. Changes of flow reaime in aquatic habitats occupied by native
species will result in depletion or extinction of these endemic species.
This is true regardless of the cause of a change of flow regime, but could
result from pumping of groundwater for either construction or operation of
the MX Missile System.

3. Construct!on activities must be kept away from springs and their
outflows to prevent direct impacts such as alteration of outflow channels
or unintentional transfer of aquatic organisms.

4. The rate of introduction of detrimental exotic species, including
fish and mollusKS, will increase due to increased human activity within
the area impacted by the MX Missile System.

5. The White River soinedace has been extirpated in Preston Bia
Spring, apparently as a result of directing the outflow into an
underground tube some 500 meters downstream from the source.

6. The White River desert sucker has declined in abundance in Preston
Big Spring, apparently as a result of the modifications mentioned in
number 5 above.

4I
7. Mitigation of the adverse impacts of the construction and

operation of the MX Missile System, we believe, is only partially possible
by development of large refuge areas of natural desert acuatic habitats
and by development of a continuing and comprehensive public education
program.

8. Mitigation measures must squarely address the problem of
maintaining natural habitats as the only successful and permanent means of
avoiding adverse impacts to native species. This may require establishing
a refuge system of representative desert aquatic ecosystems in the
deployment area.

g. Some mitigation of the adverse impacts certain to result from
increased population may be possible throuah a continuous and
comprehensive public education program which focuses on improving the
general understanding of the ecological effects of, even seemingly minor,
activities centered on desert aquatic systems.

10. Surveys of population status of mollusks, fish, invertebrates and
other organisms should be undertaken throughout the deployment area.

427
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ABSTRACT

To provide a data base on aquatic resources in eastern and central
Nevad3 useable in developing objective estimates of the probable impacts

of aeployment of an MX missile system in Nevada, we examined four selected
aquatic habitats in some detail and several others somewhat more
superficially. Data were collected in June through September, 1980, at
Dreston Big Spring, Big Spring at Lockes Ranch, Shoshone Ponds, the
outflow of Ash Spring and several other aquatic habitats in Spring Valley
and Steptoe Valley. Information available through the literature, as well
as unpublished data from J.E. Deacon's files, were used as additional
sources of information. A large number of endemic, sensitive or endangered
organisms occur within the area proposed for deployment of the MX Missile
System. Several endemic, undescribed species and genera of mollusks were
discovered in various springs in Spring Valley, Steptoe Valley, Railroad
Valley and White River Valley. Endemic mollusks also occur in Pahranagat
Valley. Populations of endemic snails were found to be high in habitats
that were unmodified and that did not contain introduced fish or other
snails such as Melanoides tuberculatus. Dewatering, channelizing,
construction of cement-lined ditches, damming, and establishment of
non-native Species of fishes or mollusks, reduce populations of native
fishes and snails to varying degrees. Severe impacts on the native fishes
and mollusks can be expected as a result of increased intensity of
recreational use. This in turn will result in greatly increased
probability of introduction of Melanoides tuberculatus, an oriental snail
that almost entirely eliminates many native snails, as well as a variety
of tropical fishes that adversely affect native fishes.

Preston Big Spring was the most modified of any system studied and
showed a major reduclion of aouatic habitat due to underground diversions
some 400 meters below the spring source. The channel also had been dredged
in the past and old diversion channels and weirs could still be discerned.
At this spring, the invertebrate fauna was the most diverse of any system
studied. This is partly attributable to the cooler waters present in this
habitat. This spring also had diverse algal and aquatic macrophyte
communities providing a rich source of microhabitats to support a variety
of invertebrate species. This spring historically contained four native
species of fish but our study demonstrated that the White River spinedece
disappeared subsequent to 1966-67. The White River sucker population was
found to be scarce and is in danger of becoming extirpated if further
habitat alterations continue. White River speckled dace and White River
springfish were the dominant fish species in this habitat. The dace was

*the most abundant and was primarily carnivorous, while the soringfish was
herbivorous.

Lockes Ranch was the warmest of all habitats studied and contained
relatively few species of alga and aauatic macroohytes. No change in the
species composition or distribution of fishes could be discerned during
the course of the field work. No major modifications to this habitat, in S

the immediate vicinity of the spring source, could be discerned. The
nitrogen-poor waters provide a selective advantage to nitrogen-fixino
algae, which form the base of the food net. Rivularia so. appears to
provide an ostracod nursery algal mat, which cannot be Penetrated by fish

predators. The Railroad Valley springfish was primarily carrivorous. Fish

* population densities throughout the spring and marsh system probably are S
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strongly influenced by winter temperature.

Shoshone North Pond was the cnly habitat studied that was man-made
and maintained. It currently supports an introduced population of Pahrump
killifish from Manse Ranch, Pahrump Valley, Nye County, Nevada. The pond
is approximately 4 meters across and 1.5 meters deep. It supports a small
stand of aquatic macrophytes and an extensive mat of filamentous algae.
Invertebrate prey populations are primarily confined to the algal mats and
shallow areas of the shore, where fish cannot prey uoon them. Historical
data collected at Manse Ranch suggests that killifish are primarily
carnivorous. They probably strongly influence the density and distribution
of zooplankton, snails, chironomids and other invertebrates within this
habitat.

The outflow of Ash Spring, on the Burns Ranch, was modified
relatively little by man. There is not a well-defined aquatic macroohyte
zone along the outflow. The shoreline is predominately vegetated by
willow, ash, grape and several other riparian species. The algal community
in this system was fairly diverse and showed some fluctuations over the
study period. The invertebrate fauna was almost entirely dominated by the
introduced oriental snail, Melanoides tuberculatus. The native fish fauna
showed a strong preference for similar type habitats. The speckled dace
were almost exclusively found in deep portions of the habitat, behind
small snags, while adult Pahranagat roundtail chub were only found in a
deep hole at transect 50. The presence of young roundtail chub throughout
the habitat suggests that there is a shift in habitat requirements in the
adult population. The convict cichlid and mexican molly shared dominance
in the fish fauna. Clearly, the non-native fish and the introduced snail,
Melanoides tuberculatus, have caused a reduction in population densities
of native fishes and mollusks. Other invertebrates may also have been
adversely affected.

Construction activities that involve use of, or even temoorary
manipulation of waters in Nevada, will profoundly affect the aquatic
habitats in a variety of ways. Modifications of flow patterns or
manipulation of waters has been shown to sometimes result in elimination
of some endemic species of aquatic organism in Nevada. The secondary
impacts resulting from increased recreational use of aquatic habitats will
also adversely affect the endemic biota. Most notably, the intentional or
unintentional spreading of non-native biota, which accompanies increased
recreational use, will have profound and lasting impacts on Nevada 's
native aquatic biota.

4 2
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INTRODUCTION

Four aquatic habitats in Nevada have been selected for intensive
study in an effort to provide a data base that will allow objective
estimates of probable impacts on the aquatic biota within the proposed

area for deployment of an M X Missile System in Nevada. This report
summarizes information developed as a result of field work in June, July,
August, and September, 1980, at Preston Big Sprinq in White River Valley,
Lockes Ranch in Railroad Valley, Shoshone Ponds in Sorinq Valley, and in
The outflow of Ash Spring in Pahranagat Valley. These aquatic habitats
were selected as being representative of the kinds of aouatic habitats in
the deployment area. Studies conducted in these four habitats are
intended to identify the kinds of environmental considerations that will
be important in the deployment area once specific sites and specific
impacts are identified. It is clear that each locality has its unique
characteristics and that, therefore, it will be necessary to conduct site
specific investigations as Dotential impacts are identified. This study
serves both to identify the kinds of environmental problems existing in,
or associated with, aquatic habitats in the proposed deployment area and
as an example of the kind of site specific investigations that will be
necessary. A brief survey of other aquatic habitats in Spring Valley
provides considerable insight into the need for surveys of population
status of at least molluscs throughout the deployment area. Other
information for other valleys demonstrates a similar need with respect to
fish Population status. We have emphasized development of information
pertinent to an assessment of the biological relationships of the fish
populations in the four habitats studied.

The report includes a physical description of the four areas
intensively sampled, information on certain ohysical and chemical

characteristics of the water, data on occurrence, distribution and
abundance of plants and animals in each of the four habitats, and
information on food habits and population sizes of the fish populations.
In addition, results of a molluscan survey of aquatic habitats in SDrinq
Valley are included. Appendix A provides site specific information
regarding occurrence and status of sensitive species of animals at many
other localities within the deployment area. While this information is
not complete, it does provide site specific information available to us at
present beyond the four habitats intensively sampled.

*° S
0
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Habitat Morphometry

Methods

Permanent controls were established at all the sample sites by
placing paired stakes at the beginning and end of each 100 meter section
of habitat. Transect lines at five meter intervals were then measured and
marked with wooden stakes set perpendicular to the stream channel. A
transit was used to record the angle and horizontal distance to each
paired stake. Surveyors twine was then stretched between stakes at each
transect and the horizontal distance of the riparian zone, aauatic
macrophytes, and open water was recorded. Species composition and
abundance was noted for each vegetation zone. Depth, current, and
substrate data were taken at the edges of the aquatic macrophyte beds and
at the point of highest current speed. Tables and figures for this
section can be found in Appendix 3 at the end of the report.

Results And 0iscussion

Preston Big Sorina

U T 14 ( 666,282 m E / 4,310,385 m N; Lund 2 Sheet

Figure B-I outlines the distribut ional patterns of the riparian and
aquatic vegetation zones within the study area. Transect lines have been
designated and are synonomous with station locations for all acuatic
biological sampling conducted during June through September. The species
composition of the plant community is given in Table 3-1. Estimated
oercent coverage for each species at each transect location is orovided in
Table B-2.

S
The riparian zone along the western margin of the spring is easily

divided into discrete zones based upon dominance within the plant
community. From the spring source down gradient to transect 29 there is
little true riparian vegetation. Ooen soil is Drevalent with Asteraceae
comprising 50-90t of the total species composition. rom transect 20 down
to transect 90 Salix sp.dominates the fiora. Some Potentil:a anserina
(rose) is intersoersed through transects 25 to 55, but does not conTribute
a major component to the overall community. Below transect 90, where
thistle and rush dominate the ground cover, there is no true riparian
zone.

The eastern boundary of the spring has a more diverse riparian flora
that is heterogeneous in its distribution. The upper segments of the
spring near its source down through transect 45 is comoosed orimarily of
Potentilla anserina and an assemblage of miscellaneous species that
contribute almost half of the total cover. This component is orimarily of
Juncus, sage, thistle, mint, milkweed, willow-herb, and several species of
Scnropnulariaceae. The remainder of the habitat contains the above
species except that the rose is lacking. 0

The riparian zone remained unchanged in both species comocsiticn and
abundance during June, July and August. However, in +he week oreceeding
September 5th, the riparian zone was severely trampled and grazed by
cattle P =hotos 3 1-2 ). The only plant soecies to survive were willow,
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rose and Palmer's Penstemon. All other species were either trampled or

grazed to ground level.

From June through August, the aquatic vegetation zone throughout the
entire study area was dominated by two species: Rorippa nasturtium-
aouaticum (watercress) and Scirous americanus. Composition within a given
Transect was variable, though Scirpus comprised the majority of the S
biomass. Watercress reached its highest density in the head pool region
and at transects 65a-65b, where a small spring source contributes
additional flow to the system. In general, the western margin of the
spring from the head pool to transect 65 contained well developed areas of
aquatic macrophyte beds. These beds were also heavily grazed by the
cattle and disturbance of substrates throughout the spring was obvious.
This damage to both the riparian zone and aquatic macrophytes occurred
from the soring source all the way down to the diversion weir.

Channel development at Preston Bia Sprinq can be observed by
reviewing Figures 9-2 through 4. These also demonstrate the depth
profiles along each transect line and the relative lateral extension of
the aquatic vegetation zones. Table B-3 gives depth, current, and
substrate readings associated with each transect for the respective
vegetation zones and mid-channel for the June collections. There was no
significant change in any of these parameters during July through
September.

Preston Big Spring has experienced extensive modifications in the
past. There is ample evidence of excavation along the entire outflow down
to the point of underground diversion approximately 500 meters south of

the spring source. This structure has resulted in the loss of the
available aquatic habitat below that point. A few meters below transect
100 on the eastern bank is the remains of an old cament diversion weir. A
recoanizable channel can be discerned leading away to the south-east. No 0
otner historical above ground diversion channels could be discerned.
Local testimony collected during the June sampling trip indicated that
occasionally the spring is "drag-lined" to remove the watercress, and
other nuisance plants. The extent of habitat modification, as a direct
result of this activity, is at present unknown. Much of the sprinq
outflow above transect 65 can be characterized by slight to moderate flows S
with extensive quiet water refugia provided by thick aquatic macrophyte
beds along the western bank. The eastern bank does not oossess this
extensive aquatic macrophyte development, though it is present along its
entire margin. Below transect 65,the outflow gradient steepens and the
channel becomes very narrow with firm gravel and rock substrates and

4 moderate to swift current velocities. The aquatic vegetation in this area S
is almost entirely Scirpus on both sides of the bank.

Lockes Ranch

U T M ( 607,194 m E / 4,268,020 m N; Nevada Quadrangle -4

Figure B-5 outlines the distributional patterns of the aquatic and
riparian vegetation zones for this study area. Transect lines have been
designated and are synonomous with station locations. Photo B-3 provides
a view of the spring pool looking south down the outflow. Those species
identifiec within the various vegetation zones are presented in Table B-1.
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Scirpus sp. comprised over 98% of the total cover in the aquatic macrophyte
zone or the entire spring outflow. The remaining 2% was represented by
Juncus and an assortment of species from the "riparian zone."

There was no true development of a riparian zone at Lockes Ranch.
The study area was situated on a broad plateau approximately 450 meters
wide that contained 4 genera in the Asteraceae, with Cirisium mohavense
(thistle) and Anemopsis californica dominating the ground cover. The
other species listed in Table 5-1 were randomly interspersed throughout
the "meadow" and comprised approximately 20% of the total abundance.
There was no change in either composition or abundance during 'he study
and these communities are considered to be very stable in the absence of
external modifications. .

Channel development at Lockes Ranch can be seen in Figures 9-6 and 7.
The spring pool is over 1.5 meters deep in some areas and tapers to a
narrow outflow with depths generally decreasing down gradient. Current
speeds are negligible in much of the spring pool but increase down
gradient. Table 3-4 gives specific depth, current, and substrate readinqs
for each transect along the study area for the June collections. There
was no significant change in either depth or current during the study.
Substrates are generally very soft mud in the spring pool and immediate
outflow and show a steady increase in firmness as current speeds increase.
Substrates are orimarily of travertine derivation with some organic
debris. The carbonate crust that existed in the swifter portions of the
outflow was disturbed sometime prior to the August sampling though large
chunks still persisted throughout the study area. There is a lack of
extensive shallow areas over much of the habitat until near transects 90
and 95. At this point there are some broad shelves along the eastern
margin of the spring outflow. A major man-made structural diversion
exists at transect 100, dividing the stream into two channels. One branch
runs westward across Highway 6 and, eventually arcs west and south to
irrigate wet meadows used for grazing by the Nevada Cattle Comoany. The
other branch runs southward directly to the meadows just mentioned. A
small underground siphon exists near transect 70 that feeds a small 5 inch
diameter pipe leading to the south. Its purpose is unknown. The only
other evidence of habitat alteration is the presence of an old "bath
house" that sits across the stream at transects 75-80. There is no
evidence that the stream course above transect 100 or the main pool itself
have ever been excavated.

Shoshone North Pond

U T M ( 724,203 m E / 4,311,730 m N; Nevada Quadrangle 7-1 ) 5 -

Figure B-8 shows the basic habitat morphometry of Shoshone North
Pond. Transect lines have been indicated to facilitate interpretation o4
the 3 cross-sectional transects provided in Figure 8-9. Table B-5 shows
the associated depth readings taken at each transect. There were no
detectable current speeds within the oond and the substrates consisted of S
detrital mud and gravel. There was no riparian zone at this sample site
and a poorly developed aquatic marcrophyte stand along the enstern and
southern boundaries as seen in Photo 3-4. The dominant emergent species
was Scirpus,which comprised 981 of the total cover. Those species listed
in Table B-I comprised the remaining 21 and were found primarily along the
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ntneo n and western boundary of the pond.

This pond exists within an artificial enclosure and is one of three
nearly identical ponds that were constructed by the Bureau of Land
Management as refugia for native fish soecies. Management control is
under the jurisdiction of the Ely District Office.

OuT+Iow Of Ash Spring

U T M ( 660,066 m E / 4,145,325 m N; Nevada Quadrangle 10-3

Figure B-10 details -ne habitat morphometry data collected at this

sampling site. The riparian zone is well developed within the study area,
where ash dominates the stream boundaries. Interspersed with the ash is
V:tis californica, the " California wild grape, " which is quite dense
along the wesTern shoreline at transect 50. There are also a few
scattered species of cottonwood and domesticated c'ive trees throughout
tne habitat. There is no aauatic vegetation zone aT -nis sampling site.
Olants common to the surrounding meadow are distributed up to the
snoreiine and constitute a fairly uniform community. Dominant species are
Hvcrocotvle sDo. (marshy oennywort); AnemoDsis californica (yerba-mansa);
Eleocnaris Darishii (spike rush); Juncus (common rush); and Distichlis
spicata (salt grass). The western side of The stream channel is not
heavily grazed and is considerably more lush than the eastern meadows, as
Ohoto B-5 demonstrates. Table B-1 gives the specific plants collected at
Inis locality. There was no detectable change in plant composition at
This samplinq site during the course of our field work.

Transect data for depth, current, and substrates can be found in

Taole B-6. Data is presented for June only as more detailed analysis are
forthcoming from current studies utilizing the Instream Flow Methodology
developed by the U.S.Fish and Wildlife Service. Substrates are primarily
a function of current speed with firm sand bottoms occurring where current
soeeds are highest. Soft mud can be found along all the margins of the
stream where current speeds are low or negligible. Figures B-11 through
13 show channel development through the study area. The eastern boundary,
in general, contains most of the shallow, quiet water habitats that become
exposed when irrigation diversions are made upstream. A deed hole and
undercut bank on the eastern edge of the stream occur at transect 50. The
western margin of the stream contains swift water and undercut banks.
Only at transects 20 through 35 is there any shallow lateral development
of quiet water habitat on the western edge of the stream.

4
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-NYSKSAL CHEMI.AL CNCITI;NS

METHCDS

Standard metnods were used fsr the collection ana analysis of
Dmiysicl chemical data Table I ). Methods of analysis are oresented in

S . A H A 1975), except for nitrate, which has been described by _

Kellar et ai. (1980). All samples for laboratcry analysis, except

nitrate samples, mere collected and cooled to zero degrees C immediately

fol lowing :o1 ection ard maintained at this Temperature unti analysis.

Nitrate samples mere frozen immediately following collection and

maintained in the frozen state until analysis. The following nrands .f

electronic instruments were used for sample analysis:

3eckman Conductivity Sriage No. R C - 19

instruments Lan, Inc. Portamatic oH Merer I

Monitek NeonelomeTer - model 21

Yellow Sorings instrument Oxygen Meter - Model No. 57

RESULTS

The following difficulties were encountered with tne
Dhysical/chemical measurements:

(1) The oxygen meter develooed technical difficulty in June and Juiy
rendering questionaOle a significant amount of data.

Only data for #Mich the meter had been calibrated by
Winkler test witn no electronic drift in the meter

output are presented for These months (Table 2 -

all oxygen readings 1. s

(2) Sulfate samples from June mere imorooerly fixed in
the field. As a result, analysis of water samples for

sulfate from that sampling period could not be

validated. Since all other related parameters were

quite consistent between samoling periods for any
given spring, very little difference was likely
to have existed between June and July values.

(3) The pH meter developed technical difficulty in

September so that no pH or alkalinity values mere obtained.

There were considerable differences between aquatic systems in

physical chemistry ( Tables 2 and 3 ). In general, all the systems,

except Shosnone North Pond, would be considered hard water sorings wit'

generally ow salt content and some sulfate ( Hem, 1970 ). Shosnone North
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TABLE 1. Physical chemical methods used for various parameters measured
during the study.

Parameter Measurement Method

Field Analyzed

Oxygen mg/l 02 meter or Winkler-Azide
modification

Temperature 0 C Thermometer

pH mg/l EDTA Titrimetric

Hardness mg/l Potentiometric to pH 4.5 0

Laboratory Analyzed

Nitrates (NO3) ug/l Kellar et al. 1980

Sulfates mg/l Turbidimetric

Specific Conductance umhos/cm Conductivity Bridge

Turbidity N.T.U. Nephelometric

00
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Pond was quite low in dissolved solids. None of the springs displayed

turbidity to any degree. Lockes Ranch Soring and Shoshone North Pond were
quite low in nitrates, while the outflow of Ash Spring and particularly
Preston Big Spring were much higher.

ir The pH of all the springs was in the alkaline range but not excessive

ir any spriig. The pH at Shoshone North Pond was quite variable,
undoubtedly a result of daily algal productivity cycles.

Oxygen levels at Shoshone North Pond were generally high. Oxygen at
the surface at Shoshone North Pond was supersaturated during the peak
illumination period, but never dropped below 50% saturation even when
measured just before sunrise. Although the absolute values of some June
and July oxygen readings with the meter were questionable, the relative
pattern of oxygen content with depth at Shoshone North Pond indicated a
nearly homogeneous oxygen profile,with the exception that a drastic peak
existed at the surface during maximum light intensity. There were
indications that the oxygen levels became homogenous throughout the pond
overnight except during September, when there was an oxyqen peak at the
bottom of the pond. This anomaly is explained by the fact that upon
arrival at Shoshone Ponds in September, it was observed that the algae mat
was lying on the bottom of the north pond. The oxygen oeak shifted to the
surface later in the day as the algae mat slowly floated to the surface as
a result of photosynthetic oxygen production.

The oxygen levels at Preston Big Spring and Lockes Ranch Spring were
low, generally below 50% saturation. Oxygen levels did exceed 50%

saturation at Lockes Ranch Soring at the 100 meter transect in July at
1200 hours, even though the absolute oxygen content was quite low. The
solubility of oxygen in Lockes Spring is low however, creatina a low
oxygen condition especially near the head pool. During high light
intensity periods there was a notable difference in oxygen content near
the head pool and 100 meters downstream at Lockes Ranch Spring , although

oxygen levels throughout the study area tended to equalize overnicht
Table 2 ). Although there were some indications of diurnal differences,

the oxygen content of the water at both ends of the study area at Preston
Big Spring displayed only slight differences at any given time.

Oxygen levels were quite constant throughout the four month study
period in all aquatic ecosystems studied. There were indications in the
data that oxygen production and temperature increased slightly as a
function of day length. Throughout the four month period, ohysical
chemical parameters were not causing excessive stress on the biota of the
sample sites. Only conditions at Lockes Ranch Soring present borderline
natural stressful conditions. The ecological relationships of extremely
low nitrates at Lockes Ranch Spring and variable high nitrates at Preston
Big Spring is not well understood at this time. Winter and early soring
physical chemical conditions need to be monitored before seasonal
fluctuations can be ascertained.
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ALGAL COMUNiTIES 6
N DUT I ON

" Aufwuchs " is a term used to cesianate the rricrocommunity
(ssoziatec wi-n substrates in aquatic habi~as. It includes attached
a!gae and organisms that live intermingled within it. In this study the
a~gal component of the "aufwuchs" community was examined. The purpose of
.his section is to list the algal species found in each habitat and to

:escrize their position in the community. Literature describing algae of
The study habitats is quite limited. La Rivers (1978) is the only source
w;hn specific reference to any of the study habitats. He described six
species of algae found in Lockes Ranch Spring during 1956-57. La River
book (1975) is the best source for distributions, descriptions, and

ustrations of algae found in Nevada springs. The book is a comp lation
0' ris findincs and information in a handful of published re-..rs on
Nevada algae ( Drouet ; La Rivers 1965; and Shields and Drouet 1962 ). He
cescribes more than 450 species of algae from the western Great Sasin.
Not mentioned vy La Rivers is an unpublished master thesis by ( Morgan,
'962 ' listing 31 species, mostly blue-green algae, which were previously
un-ecoded in Death Valley. Later, Taylor (1979) reported on 52 species
of aigae from eight natural springs on the Nevada Test Site. Thirteen
species (mostly diatoms) were common to Taylor's study and the present one.
The Nevada Test Site springs had very low flow rates; some reportedly dry
uP 'or snort Deriods during the year. No fish were seen in any of those
springs.

The algal community in streams anc springs commonly consists of a few
primary structural components of well anchored filamentous species which
Drovide microhapitat for a multitude of additional plant and animal
species. Some of the additional species are attached to the primary
s--uctural #orms, while others grow within the structural matrix in a more
indePenden- fashion as tycnoplankton. In side areas, where flow rates are
low, algae grow and accumu'ate to form suspended masses and floating mats
where they perform a function similar to that just described. With minor
variations, all of the study habitats follow this pattern. Flowina water
is virtually non-existent in Shoshone North Pond, but a thick alaal mat
a'ts as a primary structural component there as well.

I
Ihytoplankton are, by definition, the algae which live freely

suspended in the water column. Most of them lack a mechanism to move
enough to overcome the natural movements of the water. True Dhytoplankton
communities usually develop in lakes, ponds, and large slow moving rivers.
n most streams and rivers, flow rates are too high to allow time for
Dnytoolankton communities to develop. In streams, "plankton" algae are
usually organisms that have washed out of lakes and ponds or algae that
have come from attached algal communities in the stream.

S

These aene-al zatlons are auite aouropriate for all of our study
nabi t ats. In Preston Bin Spring and Lockes Ranch Sprina it is highly
,mp-ooaoie 4nat a *-ue Dhv*oplankton community could develop within 100
-ete-s of the head Dools due to the water velocity.
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METHCOS

AUFCUCHS

Collections of aufwuchs (periohyton) were made for the purpose of

identifying the algal species present in each habitat. To that end, each

habitat was examined thoroughly and grab samples were taken from many

substrate types and current conditions. Samples included rock and stick

scrapings, whole rocks, squeezings and cuttings of aquatic vascular

plants, floating mats, and organic flocculum from benthic surfaces. A

compound microscope and a dissecting microscope were taken to the field in 0

July and August to aid in the collection of specialized st-uctures needed

to identify certain algal species.

Oeriphyton samples were preserved with Acid - Lugols solution.

3-eservative was added unt I a tea color was maintained in each sample.

The quantity varied depending upon the amount of algae in the sample.

Selected samples were kept alive by refrigeration and returned to Las

Vegas for anal sis.

Oet mounts were maCe for microscopic examination of all samples. In

addition, Hyrax, a synthetic resin, was used to mount cleared diatoms.

These cleared diatoms are necessary to observe the taxonomically useful

shapes and decorative features of their cell walls. Periphyton species

identifications were made using an inverted microscope with light-field

pnase contras" capabilities. Algal identifications were made to the

species level or to the lowest taxonomic level possible.

7-HYTCPLANKT7N

Phytoolankton were counted using the inverted microscope method

Jtermonl, 1931; 1958 ). This procedure facilitates the identification 0

and enumeration of all phytoplankton size components and allows counts of

not only the dominant species, but also the uncommon species.

One liter phytoplankton samples were collected from 10 centimeters

below the surface with a 3 liter Van Dorn grab sampler. Phytoolankton

samples were preserved in Acid - Lugols solution. One ml of preservative

was added to each 100 ml of phytoolankton sample at the time of

collection. Samples were stored in mason jars. The effective shelf life

is 3 years or more when stored properly ( Nauwerck, 1963)

The nanoolanktonic species (less than 64 um) were counted at 4i'0x

magnification in one or more strips across the entire diameter of tne

plate chamber. The larger, more common forms were counted at 200x

magnification in one or two across diameter strips. The entire P!ate

cnamber was then scanned at lOOx magnification for the less commcn 'arie

algal species. All species not encountered at the higher magnif::a1;sns
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were enumerated at 100x. Wnen necessary, one or two strips 10 mm in
length were enumerated at 1000x magnification (oil immersion) for the
small forms. Due to extremely low algal densities, a low level of error
was not always achieved.

RESULTS AND DISCUSSION

AUFWUCHS

Preston Bi Spring

Flow rate and attachment substrates were the primary factors
controlling the distribution of algal species in Preston Big Spring.
Algae that formed the Drimary structural ccnponents were Soiroarya
varians, CladoDhora alomerata, and DichotomosiDhon tuberosus ( Table 4 ).
Near the head pool where flows were slow, extensive suspended and floating
mats of S. varians developed. It was also found throughout the habitat
where the flow slowed, usually in small open areas of aquatic weed beds.
C. qlomerata was very abundant in the main stream and occasionally in the
shallow areas around ScirDus stems. It was attached to Roriopa in fast
flowing water and formed streamers UD to 30 cm long. Dichotomosiohon
tuberosus dominated much of the shallow water among the sedge stems and
RoripDa roots near the head pool. It formed dense, felty growths and
provided a large surface area for epiphyte development.

Seventy-four species of algae were identified in samples collected
from Preston Big Spring ( Tables 4 and 5 ). Between the 50 and 100 meter
transects, the mid-channel area was covered with small stones (7-15 cm in
diameter). In June, some of the stones were covered with short (1-2 cm)
Cladoohora growths and a mixed diatom assemblage, while others were
covered with Homeothrix juliana (blue-green). In July, August, and
September, the CladoDhora and diatoms had been largely replaced by H.
juliana. In June, Chara vuloaris was found only in one small patch in a
backwater area near the 60 meter transect. By July, Chara was beginning
to grow between the stones in mid-channel. Once established there, it
remained through August and September.

Diatoms were the most diverse group of algae encountered in the
habitat. They comprised most of the chrysophytan species and more than

50 % of the total number of species identified throughout the study period
Table 5 ). Although green algae ( Chlorophyta ) were not as diverse as

the diatoms, they accounted for most of the algal biomass present in the
system. The blue-green alaae ( Cyanophyta ) were nearly as diverse as the
green algae in species numbers. Most of the Cyanoohyta were found
scattered and intermirgled among the larger filamentous green algae in
relatively low numbers. Oscillatoria niora (blue-creen) formed compact ..
purple-black clumps (1-T Tcmin diameter) at the water surface around the
stems of RoriDpa throughout the habitat. H. juliana formed nearly pure
growths on mid-channel stones.
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7able 4. Algae of the "Aufwuchs" Community in Preston Big Spring, 198nl
',includes species found in the phytoplankton sampoles)i.

Species Jun 7 Jul 12 Aug 9 Sep 6

CHLOROPH Y7A
Charal es

Chara vulgaris L. ** *0

Chae-tophorales

Protoderna viride Kuetzing (possibly)

Stigeoclonium sp. Kuetzinq

Chi orococcal es

ElIakatothrix vir-idis (Snow) Printz

Pediastr-um bor/num (Turp.) Menegh.

Scenedesmus acutus '4even

S. Lq (7ur:).) Lagerheim

Cl ad ophoral es

2l-adoohor3 Fracta (Oillw.) Kuetzing (probably) *

C. alomerata (L.) Kuetzing * **

Rhizoclonium sp. Kuetzing (probably)

Dichotornosi phonal es

Dichotomosiohon tuberosus (Braun) Ernst * ** **

OedogonialI es

Oedogonium sp. Link *

Zygnematal es

Cosrnarium sp. Corda

4ouceotia sp. Agardh 0 0

Soirogyra spp. Link ***

(conti nued)
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Table ( continued)

Species Jun 7 Jul 12 Aug 9 Sep 6

S. varians (Hass.) Kuetzing

Zvqnea sp. Agardh ***

CHRYSOPHYTA
Central es

Melosira varians Agardh*

Stenhanodiscus sp. Ehrenberg

Chromul i al es

Chromulina sp. Cienkowski

Pennal es

* Achnanthes lanceolata (Breb.) Grun.*

v. dubia Grun. *

A. minutissima Kuetzing *

EA. noli Bock 0 1

Amphora oval is
v. affinis (Kuetz.) V.H. ***

Anomoeoneis sohaeroohora (Kuetz.) Pfitzer
* 5

A. vitrea (Grun.) Ross*

Cocconel s ol acentul a **

v.Tlineata (Ehr.) V.H. *

Cymbela affinis Kuetzing ***

C. Cistula (Ehr.) Kirchn. *

C. ricroceohala
v. crassa Reim.

C. pusilla Grun. (probably)* *9

(continued)
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73D1e4  (continued)

Species Jun 7 -Jul 12- Aug 9 Sep 6

Denticula tenuis Kuetzing * **

Diatoma Bory * ** **

*Di olonei s pseudoval is Hustedt

Eunotia so. 7Ehrenberg

-- aciarld so. Lyngbye ** *

F. caoucina

v. iiesolecta Rabh.

F~. crotonens! s Kitton *

Jcmohone.ma so. Acarih *

S.~ aobrevitu-m A a rdh *w

3.oarvulum Kuetzing *** *

J. subclavatum (Grun.) Pat,.*

3. truncatum Ehrenberg

'lavicula soo. 3ory **

1. minima G run . ***

* 1itzschia so. Hassall I

'4. denticula. ^run.

* 1. frustulum
11. Oerousilla (Rabh.) Grun. **

4. 1 ineari s W. Smi th

'I. 2aLft2 (Kuetz.) W. Smith

Oinnularia so. Ehrenberg

.Rhooalodii gibba (Ehr.) MIuller OJ 5

* ~Synedra amc'hcechala Kuetzing *

S. rumoens Kjetziig(cniueI

0 ___~-~.~-----"--*----~-~------ .. ***. .-.-- .



7able c(ontinued)

Species Jun 7 Jul 12 Aug 9 Sep 6

S. ulna (Nitz.) Erhenberg **

erusirne sp. Erhenrii g~

Vaucherial es

Vaucheria sp. De Candolle*

CYA NOPH YTA

Chroococcal es
Aohanothece sp. Naeglei

* TChroococcus turaidus (Kuetz.) Naeg.

Gloeocaosa sp. Kuetzing

Gomohosohaeria aponina
v. cordiformis Wolle

Nostocal es

£ ~Homeothrix juliana (Menegh.) Kirchner * * *

Raohidioosis curvata Fritsch & Rich

Osc i 11atori ales

* gnoba sp. Agardh

Oscillatoria sp. Vaucher **

0.chalybea Mertens ***

0. lacustris (Kieb.) Geitler**

0. nIgra Vaucher***

* ~0. tenuis Agardh ***

CRY PTOPH YTA
* Cryptophyceae

(conti nued)
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Table . continued)

Soecies Jun 7 Jul 12 ug 9 Sep 6 ,

Katablepharis ovalis Skuja

EUGLENOPHYTA

Euglenales

Eugjlena sp. Ehrenberg *

Trachel omonas s-. Ehrenberg

* o0

Present in samoles.

'ery commonly observed in samoles.
Drimary-struc-ural-comoonent of the "3ufwuchs" community

(e.g., C1adoohora).

*

* S
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Tat'le Number of Algal Species, by Division, in Preston Big Spring, 1980

Number Of Species

Division June July August September Total

CHLOROPHYTA 8 9 13 8 17

'CHRYSOPHYTA 27 20 26 24 41

ICYANOPHYTA 5 8 9 7 12

CRYPTOPHYTA 1 2 - 2

EUGLENOPHYTA - 1 1 - 2

Total number of taxa = 41 40 51 39 74
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Lockes Ranch Sprina

Lockes Ranch Spring is unique among the study habitats because it is

a warm spring ( 370 C ). Although it is not technically a thermal spring

(temperature greater than 450 C) , it is warm enough to retard the growth - .

of many algal species and give the prokaryotic blue-qreen algae

( CyanoohyTa ) an advantage. This spring also has very low concentrations

of nitrate-nitrogen ( Table 3 ), a major nutrient for algal growth. At

least six species of blue-green algae which may be able to fix atmospheric

nitrogen were identified in the spring; several of them were primary

structural components. If, through their nitrogen fixing activities, they 6

are supplying most of the nitrogen to the spring system, their presence is

uniquely fundamental to the entire troohic structure of the habitat.

Tolyoothrix tenuis is of particuar interest in this regard because, under

laboratory conditions, it fixed nitrogen at a rate of 0.24 grams/meter

squared/12 hours ( Round 1965 ). This is equivalent to 1315 kilograms of

nitrogen/acre/year. Obviously, this species may be the single most S
important alga in Lockes Ranch Spring.

In Lockes Ranch Spring the primary structural components are three

filamentous blue-green algae, i.e., Tolyoothrix tenuis, Plectonema wollei,

and Rivularia so. ( Table 6). In the shallow quiet water near meter 98,

extensive suspended growths of Oedoonium ( Chlorophyta ) also develop.
T. tenuis forms, by far, the bulk of the algal biomass in the habitat.

I t, and dense growths of P. wollei, develop cottony masses attached to

the stems of Scirous, boards, and other objects on the bottom. The clumps

of algae are *ougn and form streamers up to 30 cm in length along the

edges and into the faster flowing water of the stream. Most of the

remaining algal species ( Table 6 ) grow within this material as eoiphytes
or endophytes (i.e. under the sheaths of Plectonema

What has tentatively been identified as Rivularia grows as a tough

mat about 1-2 cm thick on solid substrates in mid-channel. The mat is

layered in the typical fashion of R. haematites with extensive carbonate S

deposition. Small ostracods were found living inside the mat. As they

feed on older algal material, passages are developed that form a network

within the mat. We think the mat acts as a nursery for young ostracods
where they are protected from predation by the fish which cannot penetrate ]
'he surface.

Sixty species from five algal divisions were identified in samples

from Lockes Ranch Spring ( Tables 6 and 7 ). The blue-green algae

( Cyanophyta ) were more important here in terms of biomass and the
relative number of species present ( Table 7 ) than they were in any of

the other study habitats. The diatoms ( Chrysophyta ) were the most •

diverse alaal group encountered, which is typical of most stream systems.

Ulothrix so., one of the few greens ( Chlorophyta I in the habitat,

commcnll grew in abundance with Plectonema wollei. Cryptoohytes and

Eiglenoids were minor components in Lockes Ranch Spring.

4 5
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a~le 6. Algae o- the "Aufwuchs' Community in Lockes Ranch Spring, 1980
,includes species found in the phytoplankton samples',

rSpecies Jun 8 Jul 13 Aug 10 Sep 7

CHLOROPHYTA

Chaetophoral es

re ntocladia pithoohorae (West) Smith (probably) ***

Charal es

Thara sp~. Valliant *

CI adoohoral es

Rhizoclonium, hieroalvohicum
v. macromeres Wittr.*

* Oedoonium sp. Link Oeoonae

Zygnematal es

losterium sp. Nitzsch*

a ~Ulothrix so. Kuetzing * **

CHR YSOPHYTA
Chromul i nal es

Chromulina sp. Cienkowski

Pennal es

Achnanthes eigua Grun. ***

V. 'hete-ovaTva Krasske *

A. minutissima Kuetzing *

Anomoeoneis sp. Pfitzer

CalI one is b aci 11a r is
Y. thermalis (Grun.) A.U. *

* Cocconeis olacentula
v. euy=t (Ehr.) Cl. (probably)

V. lineata (Ehr.) V. H. *

(continued)
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~able 6. continued)

Species Jun 8 Jul 13 Aug 10 Sep 7

Cymbella sp. Agardh *

C. cistula (Ehr.) Kirchn. *

C. ousilla Grun.

Jenticula egns Kuetzing ***

Jiatoma sp. DeCandolle *

Zoi th em ia s p. 3 reb.

. adanata (Kuetz.) 3reb.

Eunotia sudetica 0. Mueller ~

Fraoilaria sp. Lyngbye*

omphonema SDD. Agardh **

G.affirie Kuetzing ****

angustatui (Kuetz.) Rabh. (possibly)

3.oarvulIumn K'jetzinq g

'astoaloia smith-ii thwaites *

Iavicul a so. 3ory **

N. ancusta Grun. (possibly) **

I. cocconeifornis Greg. ex Grey. **

1. pupla
v. rectangularis (Greg.) Grun.*

,'. radiosa Kuetzing *

N~itzschia denticula Grun.** *

Pinnularia sp. Ehnrenberg

Rhooalodia aibba (Ehr.) Mueller *

Synedra sp. Ehrenberg

S. ulna ('itz.) Ehrenberg **

(conti nued)
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7aole 6 (continued)

Species Jun 8 Jul 13 Aug 10 Sep 7

CYANOPHYTA
Chamaesi phonal es

Xenococcus sp. Thuret

Chroococcal es

ADhanothece staagnina (Spreng.) Braum*

Throococcus Dallidus Naegeli ***

E ~ ~~ . turgidus (Kuetz.) Naegeli **

C. varius A. Braun* *

Gomohosohaeria aoonina
* ~v. cordiformis Wolle **

Nost ocal es

Anabaena sp. Bory ***

Cal othrix sp. Agardh *** *

N-os-toc so. Vaucher (possibly)

Plectonema wollei Farlow**

6 P~~ivularia sp. Roth (possibly)** ***

Tolypothrix tenuis (Kuetz.) emend. Smidt

T. wrillei Gardner* *

Oscill1atonial es

Lyngbya sp. Agardh **

* L. ~eoiphytica Hieronymius ***

L. limnetica Lernmer-mann (possibly)
* 0

(continued)

*
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7able 3 (continued)

Species Jun 8 Jul 13 Aug IC Sep

Oscillatoria sp. Vaucher **

Phormidium sp. Kuetzing

____ rul i asba ese

CRYPTOPHYTA
Cryptophyceae

Katableoharis ovalis Skuja

E.UGLEN,,OPHYTA
Cal aci al es

Colacium so. Ehrenberg

Ejqlena so. Enrenberg 0

*Present in samples.
** ery commonly observed in samples.
Primary-structural-component of the 'aufwuchs" community

(e.g., lohvoothrix tenuis).
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Table 7 Number of Algal Species, by Division, in Lockes Ranch Spring, 1980

Number of Species

DYivision June July August September Total

CHLOROPHYTA 2 3 4 6 6

CHRYSOPHYTA 17 13 22 23 32

CYANOPHYT7A 15 16 14 16 19

ICRYPT0PHYTA 1I - 1

EUGLENOPH YT A 1 - - 1 2

Total number of taxa 36 32 40 46 60
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Shoshone North Pond

Shoshone North Pond was unique because of the size and dynamics of
the artifical habitat. The surface of the pond was covered with a
crustose mat of rotting algae during the June sampling. However, during
July and August, approximately one square meter of the habitat was coen
water. In September, the floating portion of the algal mat was absent
upon arrival, but had reestablished itself by the time the field party
left. This phenomenon was due to reduced incident radiation (cloud cover)
and physical disruption (rain) in the days preceding the samplina period.
During the sampling period, incident radiation increased, resulting in
increased primary productivity of the algae. The result was floatation of
submerged algae by oxygen bubbles, as well as rapid growth, which led to
the reestablishment of a floating algal mat in the pond. In total, the
pond had more algal species diversity than any of The other sTudy
habitats.

In this habitat, the primary structural component was Soiroavra

crassa. It was extremely abundant and formed the floatinq surface maT .
Soiroqyra floats to the surface and accumulates, as excess oxygen oroduced
during pnotosynthesis gets trapped in the filaments. Once at the surface,
direct sunlight kills the cells, where they begin to rot. Seneath this
layer, the Soiroayra filaments are healthy and abundant. They hang from
the underside of the floating mat in long streamers that reach the bottom
of the pond. In effect, the Soirocyra formed a floating,
three-dimensional curtain occupying much of the water body. Within this
structure, many other organisms lived. Due to the nature of the Soiroyra
structure, the pond did not have a "typical" phytoplankton community.
Since all of the algae were growing on or intermingled with other algae,
it can be descibed as tychoplanktonic.

Among the filamentous green alqae ( including 14ouaeotia, Zvynema, and
Oedoaconium, as well as Soirogyra ) other algal groups found suitable
niches. The diatoms (23 species) were mostly attached to the filamentous
forms. Twenty-two motile species from five algal divisions, 19 soecies of
Chlorococcales and 9 desmid species, lived within the filamentous
structure. Except for Gomohosohaeria aocnina v. Cordiformis, and

Oscillatoria so., which were common, the blue-green algae ( Cyanoonyta )
were of minor importance in the pond. A total of 99 soecies of algae mere

0 identified in the habitat. A complete soecies list is presenTed in Table
3 and a summary of taxa by division in Table 9

Within Shoshone North Pond, several of the major genera n the motile

" Volvocine Line " were found. The " Volvocine Line " refers 4o a
systematically increasing complexity in the colonial structure of a class
of green algae, the /olvocales. Chiamydomonas, the most primitive
evolutionary line, is single-ceiled. :andcrina usually has 16 cells, and

Eudorina has uo to 64 cells. These genera mere present in the north pond.
The last and largest member of the " Yolvccine Line " is Volvcx wi~h UD tO
50,000 cells in each colony. Volvox *as no- 'ound in the norh pond, but
was a major component of the planKton tree - eers away in +he midle
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Taole B. Algae of the "Aufwuchs" Community in Shoshone North Pond, 1980
i'ncludes species found in the phytoplankton samples).

Species Jun 10 Jul 15 Aug 11 SepS 8 0

CHLOROPH YTA
Cl adophoral es

Phizoclonium hieroolyohicum (Ag.) Kuetzing 0

Chl orococcal es

Ankistrodesnus 4alcatus (Corda) Ralfs **

s. so ~a 1 s (Turner) Lemmermnann

Thelastrum zambricum
v. inter-nedium (Bohh.) G.S. West ***

-. microoorum Naegel i *

sohaericum Naegeli ***0

Kirchneriella so. Schmidle (possibly)*

Jocystis so. Naegel i*

Pediastrum angulosum (Ehr.) Meneghini

D*boryanum (Turp.) Meneghini ***

P. duolex Meyen* *

* Scenedesmus abundans.(Kirch.) Chodat

S. arcuatus Lemmermnann

S. jyoa (Turp.) Lagerheim ***

v. alterrians (Reinsch) 'Hansgirg **

S. denticulatus Lagerheim *

Tetraedron minimum (A. Braun) Hansgirg* *

* v. scrobiculatum Lagerheim *

T. pentaedricum West a West

(conti nued)
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Table ~.(continued)

Species Jun 10 Jul 15 Aug 11 Sep 3 A

T. trinonum

v. paoilliferum (Schroed.) Lemmer. ex. Brun. eonils
Oedogn*ale

Oedogonium spp. Link ***

Tetrasporal es

Gloeocystis sp. laegeli

GU. amola (Kuetz.) Lager-heih *

Ul otrichal es

Cylindrocaosa so. Reinsch (possibly) ***

Vol vocal es

Chi amydomonas so. Ehrenberg

Eudorina elegans Ehrenberg

Dandorina morum (Muell.) Bory **

Sohaerelloosis fluviatilis (Stein) Pascher*

Zygnaematal es

Closterium so. NIitzsch*0

Cosniarium spo. Corda **

C. inter-medium Oelp (possibly) ***

C. laeve Rabenh ***S S

C. rectanqular
V. hexagonium (Elfv.) West & West (probably)* **

Desmidium so. Agardh (possibly)

Mougeotia sp. Agardh **

Spiroqyra spp. Link **

(conti nued)
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Table 8. (continued)

Species Jun 10 Jul 15 Aug 11 Sep 8

S. crassa Kuetzing

Staurastrum spp. Meyen ***

S. alternans Breb. **

S. manfeldtii Delp.
v. (un-known) 

**

Ulothrjx so. Kuetzing

Zqeas p. Agardh *

CHRYSOPHYTA
Central es

Melosira granulata (Ehr.) Ralfs

M. varians Agardh

Chromul i nal es

Chromulina sp. Cienkowski

Mi schococcal es

P eroniella sp. Gobi (possibly)

Chrvsamoeba sp. Kelbs*
KeDhyrion sp. Pascher*

Ochromonadal es

Mallomonas sp. Perty **

Ochromonas sp. Wystozki

Pennal es

.Achnanthes sp. Bory *

A. lanceolata (Breb.) Grun*

A. minutissima Kuetzing 
**

(conti nued)
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7abl e S. (continued)

Species Jun 10 Jul 15 Aug 11 Sep 8

Amphora cerousil-a (Grun.) Grun. **

Ovmbel I a so. Agardh **

Cmi nut a (Hilseex) Rabh. **

Dentic'ula eleaans Kuetz. **

E2ithernia sorex Kuetz. **

E. traida S
Y. westermanni4 (Ehr.) SruJn. **

F-agilaria sp. LyngbIyeye

F. brevistriata
v. inflata ',Pant.) Hust. ** **

F. crotonensis <itton* *

Gomohonemal tr'uncatum Ehr. *

'4av~cula sop. 307 **

1. acczmoda Hust. (probanly) *

'4. radiosa Kuetz. *

V4tzschia amoribia Grun. 0

Rhooalodia aibba (Ehr.) 0. MAuell. ***

Synedra sp. E7hrenbergj

S . ul na '~iz)Ehr. ***

C YANO P4HYT
Chroococcal es

Aohanocaosa so. *4aegel j**

Aohanothece- s-tannina (Sprana.) 3ralin *

Chroccoccus minutus (Kuetz. 'laegli *

11cont~ nuedf
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T ab 1e S . continued)

Species Jun 10 Jul 15 A.ug 11 Sep 8

Gomohosohaeia aooflina
v. zordiformis Wolle *

Merismooedia alauca (Ehr.) Naegeli **

Nostocal es

' na~aena sp. Bory**

Oscil latoriales

vroova so. gardh **

-aestuarii_ (Mert.) Liebmann (probably)

-. imnetica Lemmermann (Dossbly)

L. martensiana meneghini *

L. nordqaardii Wille*

Oscillatoria so. Vaucher* **

ID. sancta (YKuetz.) Gomont 'probably) 0

* ~ ~ . aroena (kuetz.', Gomont **

* Dhoyridium so. Kuetz~lnq *

OPyPTOPHYTA
,ryp*.ophyvceae

'-votomonas erosa renberg **

:vatrhomonas truncata 7-om.*

Katatleoha'-"s oblonoa *

:I~tj:hrys-Is sc. Pascher

-o :)monas rrnrvta

* v nannoianctica Skulja 5

(cIonti nued)
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3 ce S (:ntinued)

Soecies Qufl ." Jul 15 1 il Seo 3
* 0

EUGLENOPHY7 A
Eu 1erial es

5J(Ilena spp. E.hrenbe-e*** *

e n oi n 2e Ilujci1dum Pertv *

Di nokan-ae 0

~~ sz. Ste'i*

~ei~flis.-. 'n'.renceri

c rizns 2cuum '- rne -ia nn*

li scell1aneous

Boco s:). 7-l'-1O *noe-

i-ery comnmonly Dbse led 4'n samol es.
n a ry- s t ruic 'jr3- c mcon eri t o~ e a uf wu cs c cmmu n :'
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Table 9. Number of Algal Species, by Division, in Shoshone North Pond, 1980

Number of Soecies 0

Division June July August September Total

CHLOROPHYTA 22 33 30 22 42

CHRYSOPHYTA 21 15 21 17 29

CYANOPRYTA 5 5 13111

*CRYPTOPHYTA 3 1 3 2 5-

EUGLENOPHYTA 2 2 2 3 3 S

PYRRHOPHYTA 2 2 3 2 3

MISCELLANEOUS 2 0 - - 2

Total number of taxa = 57 58 72 57 99

4
.S
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pond. Its absence from the north pond was probably due to grazing by
fish. The Voivox colonies are large and should be spotted easily by the
fish. The absence of fish in the middle pond may explain its abundance
there. The algal community in the pond was very complex and typical of a
highly nutrient-enriched shallow lake or pond.

Outflow of Asn Soring

The outflow of Ash Spring has the highest flow rate of the habitats
studied. The spring head is distant from the study habitat, relative to
the spring heads at Oreston Big Spring and Lockes Ranch Spring. The water
passes through agricultural areas and is used for irrigation before it
reaches the study area. These activities add considerably to the nutrient
load of the water and affect the quantity and quality of the algal
community.

* S

A complete list of the algal soecies identified from the outflow of
Ash Spring is given in Table 10 . A wide variety of species (68) were
found reoresenting six algal divisions ( Table 1i ).

Chara zevlanica ( Chlorophyta ), Comosooonon coeruleus 0 S

Rhocoonyta ;, and Soiroqyra so. Chloroohyta ) formed the primary
structural comoonents within the algal community of this habitat. The
-hara was "rooted" in some of the muddy bottom areas. The Comosococon was
usually attached to twigs and branches in the water, but it also formed
extensive growths on the macrophyte Najas marina, which provided a secure
anchor in the muddy bottom areas. Soiroayra developed massive arowths 0 S

over all areas with enough undergrowth of Chara, Najas, PotamoceTon, or
Ccmosoococn to keep it from being carried away in the current. The
oacKwater and shallow side areas were always dominated by suspended ana
floating mats of Soiroayra . Reproductive structures adeauate for orooer
species identification of several imoortant algae, esoecially Soircavra
were not found. 0 0

Althougn Chara was first observed in July near the 75 meter transect
in a shallow area with extensive silt deposition, it was probably present
in June as well, but was completely hidden by Soirocyra growing above it.
After an extended searcn of the area, no reproductive material could be •
found, Drobably because of the apparent cropping of the new growth regions
of the Chare by animals.

'Acst of 'ne ala' soecies diversity in the outflow of Ash Spring was

due to diatoms (3 secies). 71ey were most;y eoiohytic growths on the
substrates at 'ian_. ncmoscooccn and Chpra were oarticularly excellent
substraes. 7 e 3ia ei 2-ei r gan sms 7 Euglenophytes, Pandorina,
Mal lomons, anc -e >v't-pn(eS grew witin the Soircavra PoPulation in

the -uuerer Maters. -e -emaining soecies were eoiphytic or
tycnooianK-onic and graw' c 4,tnin he StrUcture of the ma or forms.
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Table 10. Algae of the 'Aufwuchs 3 Community in the outflow of Ash Spring,
1930 (includes species found in the phytoplankton samples).

Species Jun 15 Jul 15 Aug 12 Sep 9

CHLOROPHYTA
Charal es

rb :hara zey'anica Kl. ex Willdenow

Cl adophoral es

Rhizoclonium hieroalvohicum (Ag.) Kuetzing **

Chaetophoral es

Aonanochaete reoens Braun* *

Chi orococcal es

Chara-cium sp. Braun*

C. ambiauum Herman*

* ~Coelastrum sohaericum Nageli *

7etraedron minimum
0 ~v. scrooiculatum **5

Qedogoni ales

0edogonium sp. Link**

* Vol vocal es0

P ~andorina morum Bory*

Zygnematal es

* Closteriun so. Nitzsch

Cosmarium sp. Corda

NMoueotia sp. Agardh **

Soirogvra sp. Link * ** ****

.7vanemfa sp. Agardh *

(conti nued
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Table 10. (continued)

Species Jun 15 Jul 15 Aug 12 Sep 9

EUGLENOPHYTA
Euglenal es

Euglena sp. Ehrenberg **

Menoidium oellucidum Perty*

Notosolenus sp. Stokes*

Phacus sp. Dujardin

CHRYSOPHYTA
Central es

Siddulohia laevis Ehrenberg*

* Cyclotella mreneghiniana Kuetzing* *

Qchromonadal es

MallIomonas so. Perty

a Pennal es

Achnanthes exigua 'r-un. (variety unknown) ***

A. lanceol.3ta (Breb.) Gruri. **

A. minutissima Kuetzing* *

Amohora veneta Kuetzing *

* Anomoeoneis so. Pfitzer

Cocconeis ol acentj.l a
0 v. lineta TEhr.) 1-H. *** *

* - Cymbella -nicroceohala
v. crassa Reimer*

C. tumi~a (Sreb. ex Kuetz.) 7.4.*

*C. trnidul3a Grun. ex A.S.*

Denticula so. Kuetzi na ***

(conti nued)
* S
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Table 10. (continued)

Species Jun 15 Jul 15 Aug 12 Sep 9

a-.

Eunotia Dectinalis, (0. Muell.) Rabh. ***

Fragilaria sp. Lyngbye*

Gomphonema sp. Agardh ***0

G. affine kuetzing

G. anoustatum (Kuetz.) Rabh. ***

GDarvulum Kuetzing **

Gtruncatum Ehrenberg

Gvrosigma sp. Hassall *

G. acumi natum (Kuetz.) Rabh.

Navicula sp. Bory ***

N. cincta (Ehr.) Ralfs ***

Nitzschia sp. Hassall b 0
* ~N. amohibia Grun. ***

0~eohora sp. Petit (possibly)*

Pinnularia so. Ehrenberg*

Phoicosohenia curvata (Kuetz.) Grun. ex Rabh. *

Rhopalodia oibba (Ehr.) 0. Mueller ****

Surir-ella angustata Kuetzing **

S. ovalis Breb. *

* Synedra sp. Ehrenberg ***

S. actinastroides Lemmemann (probably) *** *

S. acus Kuetzing ***

S. ulna (Nitz.) 7Ehrenberg ***

7erpsinoe americana (Bailey) Ralfs ***

(conti nued)
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Table 10. (continued)

Species Jun 15 Jul 15 Aug 12 Sep 9

C YANO PHYTA
Nostocal es

Anabaena sp. Bo ry

Calothrix sp. Agardh

Raohidioosis sp. Fritsch & Rich

Oscil 1 atorial es

Lyngbya so. Agardh *

L. nordgjaardii Wil11e

OIscilatoria so. Vaucher **

J. -lacustris (Kleb.) Geitler* *0

Plectonema wollei Farlow (probably) --

CRYPTOPHYTA
Cryptophyceae

Chroomonas acuta

Cryotomonas so. Ehrenberg

C. erosa Ehrenberg*

Katableoharis a *ng

RHODO PH YTA

C.omosooocon coeruleus (Balbis) Montagne ***S S

Mi scel 1 aneous

Bodo so. Ehrenberg

P resent in samoles.
Very commonly observed in samoles.
Primnary structural component of the "aufwuchs" community

(e.g., Chara zeyianica).
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7able U .Number of Algal Species, by Division, in the Outflow of Ash
Spring, 1980

Number of Species

Divi sion June July August September Total

CHLDROPHYTA 2 12 9 9 14

CHRYSOPHYTA 31 25 24 30 37

CYANOPHYTA 2 4 3 5 7

CRYPTOPHYTA 2 2 - - 4

E'JGLENOPHYTA 1 3 1 1 4

RHODOPHYTA 1 1 1 1 1

.SCELLANEOUS 1 1 - - 1

Total number of taxa = 40 48 38 46 68
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PHYTOPL ANKTZN"

Preston Bia Sorinq

Algal data for plankton samples collected from Preston Big Soring in
June and July are presented in Table 12. Phytoplankton samples were not .
coilected in August and September. Twenty-nine taxa from five algal
divisions were enumerated ( Table 13 ). Total cell concentrations were
very low in all samples from June and July , ranging from 10.6 to 251.1
cells per ml ( Table 12 ). The variability in cell concentrations between
replicates, especially in July, ( Table 12 ) reflects the random input of
periphyton into the moving water and the difficulty in accurately SI
estimating such low cell concentrations.

In June, non-descript coccoid-green cells and monads (small
flagellates) were the numerical dominants in the samples ( Table 12 ). In
July, oarticularly at the 20 m transect, Oscillatoria (a filamentous S
blue-green) was more important in terms of cell numbers. This is somewhat
misleading because only 3 filaments per ml were counted and each filament
nad aout 75 cells. When the mean number of algal units encountered are
compared ( Table 14), there is little difference between June and July
samples.

* S

All species found in the phytoolankton samples of this spring are
members of the "aufwuchs" community. Their occurrence in the plankton is
due to wasnout from the periphyton community. The "plankton" contribution
to the algal biomass of the entire habitat is extremely small. The effect
of massive periphyton washouts due to major disruptions (animals and man)
oould be quickly removed, as the material is carried out of the study
iabitat by the flow.

L.ockes Ranchi Sorina

* S

Algal data from plankton samples collected from Lockes Ranch Spring
;n June and July are presented in Table 15. Phytoplankton samples were
not collected in August and September. Twenty taxa from five algal
divisions were enumerated ( Table 16 ). In June, the total cell
concentrations were very low and, as in Preston Big Spring, highly
variable between replicates. In July, the total cel! concentrations were
similarly variable but about 10 times higher than in June . The
difference was due to the occurrence of Oscillatoria and Anabaena
filaments in the July samples. These taxa had numerous cells in each
'ilament. An examination of the mean number of algal particles or units
,er ml ( Taole 14 ) shows much less difference between the June and July
samples. It follows that larger cell numbers do not necessarilv increase *
the number of food particles in the water.

Diatoms and filamentous blue-qreen alae accoun'ed fcr aoout crne-half
of the taxa encountered in June and July. This is reasonable given the
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Table 13. Number of "Phytoplankton" Species by Taxonomic Group Found in

- ~ reston Big Spring, 1930.

Number of Species

Taxon June July Total

OH LOR 0PHiYTA 2 2 3

I o, CHRYSOPHYTA 9 12 16

SY ANOPH YTA 1 4 5

* CRYPTCP4YTA 1 2 2

EUGLEN'OPHYTA 0 1 1

MISCELLANEOUS 2 1 2

Total number of taxa =15 22 29

0
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TABLE 14. 'ean phytoplankton cells per milliliter and algal units per milli-
liter by habitat and date (values rounded to nearest whole number).

June July 00
Habitat Cells/ml Algal units/ml Cells/ml Algal units/ml

Preston Big Sp. 18 17 105 37

Lockes Ranch Sp. 26 16 361 33 0 0

N. Shoshone Pond 3386 418 2101 190

Ash So. 27 27 79 32

0 0

0 0

0 0,

0 ,
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Ta!~le 16. Number of "Phytoplankton" Species by Taxonomiic Group Found in

Lcckes Ranch Soring, 1980.

('1 Number of Soecies

Taxon June July Total

CHL)RCPHY-a 1 1 2

CHR YSOP HY TA 4 3 7

EjENP - 1 01

I: S C,-: LE S5 4 1 4

Total numoer of 'Laxa =16 9 20]

@1481



importance of these two groups in the "aufwuchs" community of Lockes Ranch
Soring ( Tables 6-7 ). The remaining taxa appear to be random occurrences
of tme various species living in the aufwuchs community.

Shoshone North Pond

As discussed in the "aufwuchs" section, Shoshone North Pond had a
very different type of dynamic system when compared to the other habitats
studied. Many algal species (98) were found living among the SDirogyra
filaments. Except in September, there was essentially no open water and
therefore, no strictly planktonic community. It could best be called
tychoDlankronic, as would be found in the littoral region of a shallow
eutrophic lake or pond. The plankton samples were collected by gently
parting the surface mat and sampling the resulting open water. The
Septermber samples were collected before the mat reformed. Phytoplankton
cata for Shoshone North Pond are given in Tables 17 and 15. Eighty taxa
from 5 alcal divisions were enumerated during the four month study ( Table
19 ].

onsiderable variation occurred in cell counts between replicate
samcles on all sampling dates ( Tables 17 and 18 ). This is most likely
Cue tc the unique algal structure of the Dond and the disturbance to the
maT luring sampling. Another artifact of the sampling technique is that
S3iroov-a crassa , the alga responsibile for most of the biomass in the
pone, was practically excluded from the samples, especially in July and
Aucus-, when some open water was available. The September sample was
c:oses- -s being a true plankton sample because the SDiroavra was on the
o--om.. Thus, sampling for phytoDlankton in this habiTat is inappropriate

as z nc as the mat formation is a dominant structure.

Tne mean algal concentration of the four replicate samples taken in
June was 3386 cells per ml. The high cell count was largely due to
ADrinocaosa, a colonial blue-green alga. The colonies were not abundant
an -nev Dccurred in only one replicate in July, but the number of cells
was high (4146 cells per ml), thereby having a great influence on the mean
value. If the total number of algal units are compared to the cell count
(413 and 3386, respectively, Table 14) a dramatic difference can be seen.
In July and August a similar situation was found. In situations like

0 this, where large numbers of cells are concentrated in one unit, chance
encounters of the food item by herbivores is lessened. The shape and size
of c olonial and filamentous algae often make them difficult for herbivores
to eat. Relatively few large colonial and filamentous algae were in the
September samples. They may have been carried to the bottom with the
SirOQvra.

The aloal commun ies were simi ar +nrouchout the study.
:ae lated species f-:> most major arOuDs were common. Cuclena,
venc d um, and Oandorina oee especial lv Drominen7 in mos ' the samp es.
Ten :)ec Ies fror 1ne oer_ hiorococcaies were Dresen in high numbers
!u-nc -he study. 9ot- ")e "aoel laes and h.e :hlorococcaies are
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L ,Table 19. Number of "Ohytoplankton" Species by Taxonomic Group) Found in
Shoshone NorthPod 90

Number of Species

iaxon June Jul y August Septemiber Total

CHLOROPHYTA 16 18 25 16 36

CHRYSOPHYTA 12 12 11 7 20

CYANOPHYTA 4 4 4 3 9

CRYPTOPHYTA 2 1 4 2 4

zEUGLENOPHYTA 2 2 2 3 3

PYRROPHYTA 1 1 2 3 3

M'.SELLANEOUS 4 3 3 4 5

Total number of taxa = 41 39 51 38 80

0' I S
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commonly found in the plankton and littoral region of large lakes and
ponds. They usually attain high concentrations only under eutrophic
conditions, i.e., high nutrient concentrations. Several desmids and
filamentous members of the Zygnematales were well established in the pond.
A high diversity of diatom species was present, but they were generally in
low concentrations. This was possibly due to their epiphytic nature and 5
-he general exclusion of filamentous taxa from the sample. In addition to
Apnanocapsa, other blue-green algae were important in the samples; Lynabva
in June, Osci!latoria in July, August, and September.

The algal mat which dominated the pond during the summer should break
down in the fall (the process had already begun in August) and as the
water opens up, a phytoplankton community may develop. A much higher
percentage of the Spirogyra crassa cells from the September aufwuchs
sample had formed zygosoores. This reflects the cooler fall weather,
shorter days, and the decline of the vegetative filaments.

Outflow Of Ash SDrina

Algal data for plankton samples collected from the outflow of Ash
Spring in June and July are given in Table 20. Phytoplankton samples were
not collected in August and September. Forty taxa from six algal 4
divisions were enumerated ( Table 21). Even though algal diversity was
fairly high in these samples, cell concentrations were very low (27 and 79
cells per ml for June and July , respectively ( Table 14 )). The pair of
higher cell concentrations for Oscillatoria in July (rep. No. 2=137,
rep. No. 4=43.3) were again due to the filamentous nature of the
organism ( Table 20 ). A comparison of mean algal units per ml between
June and July (27 and 32, respectively) confirm this relationship ( Tahle
14 ).

Much of the diversity in the samples was due to pennate diatoms (30
to 50 percent). In July this was less so, with ChloroDnyta, Eunlenoonyta,
Cyanoohyta, and Cryptoonyta contributing three or four species each 0

Taple 21 ),

As with Preston 31g Spring and Lockes ;ancn Spring the
"fohytoplankton" were derived from tne "aufwuchs" community and accounted

for a minor portion of tne algal biomass in the habitaT. They similarlv •
had a minor role in the ecology of -he habitat.

4 9
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Table 21. Number of "Phytoplankton 1 Species by Taxonomic Group Found in
the outflow of Ash Spring, 1980.

Number of Species -

T axon June July Total

CHLOROPHYTA 2 4 5

gEUGLENOPHYTA 1 3 4 0

C-HRYSOPHYTA 14 7 17

'-YANOPHYTA 2 3 5

CRYPTOPHYTA 2 4 4 0

P HODOPHYTA 0 1 1

H SCELLANEOUS 4 1 4

*Total number of taxa =25 23 40 0 0
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INVERTEBRATE COMMUNITIES

INTROIDUCTION

Information regarding the invertebrate fauna inhabiting the sorings
of Nevada is not abundant. Most conspicuous among the literature are
works by Brues (1928 and 1932), Kennedy (1917), and La Rivers (1949 and
1951). Works by these authors are generally pre-1950' s with little
emerging in the literature since that time. A review of the taxonomic and
ecological literature reported for aquatic insects by Merritt and Cummins
(1978) supports this statement.

No comprehensive information on invertebrate collections could be
found regarding the four springs we studied. La Rivers worked on
invertebrates from Ash Spring, but was primarily interested in the
Naucoridae and particularly interested in areas near thermal headsprings
( La Rivers, 1949; 1951 ). Brues collected invertebrates extensively
throughout Nevada, but also restricted his studies to thermal sDrings
( 3rues, 1923; 1932 ). Brues did report invertebrate collections in tne
general vicinity of the study springs, but the only reasonably comoarable
collections were from Ouckwater ( Brues, 1932 ) which may have some
faunistic similarity to Lockes Ranch Spring. Preston Big Spring and
Shoshone North Pond are generally 10 degrees C cooler than the springs 0
Brues investigated. There was no previous information available regarding
the invertebrate fauna of Shoshone North Pond. In fact, this habitat has
only existed for aoroximately 10 years. In short, there is no specific
information on invertebrates available in the literature for any of the
study sPrings.

mATERIALS AND MET-HODS

Although a variety of "quantitative" devices exist for samolina
invertebrates in flowing waters, it has been demonstrated that
considernble differences in estimates of standing crop exist in data
generated using different quantitative devices ( Kroeger, 1972; Pollard
and Kinney, 1979). Use of a quantitative sampling device in a manner for
which it was not designed can also generate questionable results
( Chutter, 1972). Since the primary purpose of the invertebrate portion
of this study was description of invertebrate fauna and comparison of
their densities in various habitats, a strictly quantitative approach was
considered to be less appropriate than rigorously applied standardized
procedures. In addition, the springs we studied had mats of emergent
vegetation or filamentous algae as the dominant invertebrate habitat.
None of the conventional invertebrate sampling devices are useful for
sampling this type of habitat. Amcros (1980) has recently described a
device which may provide for standard samples of littoral vegetation. It 5 0
may be useful to evaluate the potential of this device for future studies.

Three basic types of sampling devices Mere emoloyed "or collection of
invertebrates: an 30 micron Wisconsin cIln-on e 30 cm long Mith a mouth

4 9

499

• S

- - . - - - - -, °



openinc of 11.5 cm; a tringular di, net 74 cmr Iona with a mouth openino
of 20 -x 20 x 26 cmn; and a standard 6" x 6"1 Eckmnan Dredge .These devices

were used in the foi lowing standardized manners.

30 N41 CRN W!ISCONS IN NET

The planKton net was used in flowina water systems CPreston, Lockes,
and Ash springs) as a drift net. The net was Dlaced in the water
approximately 10 cm below the surface and handheld in place for a period
of Time estimated to allow a leng,,h of at least 50 meters to flow past the
net. At tne end of tne fi Iterina time the net was removed from the water, 10

rinsed, ard samples Transfered to ccl lection bottles. The samples were
Tnen fixed in 5do formal in and the volumes adjusted to 50 ml.

At Shoshone Nor-tn Pond the plankton net was used to filter a three

;ter we-er sampe col iec~ed witn a standard Van Dorn bot-tle from 0
approximately I', cmr below the surface in open waters. After collection,
-ne sarnple was concertrated in a plankton net which was then rinsed and
samplIes fixed as aescriped above. In addition, during the June sampling
round, c~ans of agai mat were collected and washed into the plankton net.
7nese samp'es were collected with the trianqular dip net and transferred

4 TO the olankTon net. During -he July, Auglust, and September sanpl ing

oe-iocs, acae samples were auantified by Icarefully pulling the plankton
ne ' ve--;ca iy Tnrzuan an aicae mat and removing the excess algae from the
oerimeter of tne netr. Tnis meth)od appeared to trap a cylinder of water
2n" alcae 'n a r-easonably quantitative manner.

ANSOjiAR 1 ;: NET7

7ne di: net was employed to samr)le rocky bottom areas in flowing
water and veaetat ion mats in flowing and still water. The sampler was
emsovec- essential.v I i~e a Surber or box sampler in rocky bottom areas

SNeedniarr and Needrn, '1952). Extensive effort was expended to sample an
area 2" 25 cm- (1,15 of a sauare meter) from surface to bottom C important

14 __ to note in veae-alion mats). In vegetation mats occurring in standing
water- t hs metnod allowed for removal by hand of a cube of vecietation,
pacinc -rle plant 'naterai directly in the net. After the vegetation was
-emoved from the samplina ai-ea, the net was swept throuqh the open water

-0to capt+ure any suspended invertebrates. All samples were rinsed
comp et e Iy i n a scr een bottomed bucket r 'J. S. Standard 30 Mesh ) and the
eas iv removaple vegetation rinsed, Insoected, and discarded. Mollusks

were removed from the sampiles by swirl inc tne sample in a "Cound-bottomed
-on-ainer and. pouring off tne lignter debris arcd orianisms. t7he mol uscar
Dortion of tne sample was either 'ield-processed or counted in the

iaboatO-Y by Jerry L.andye itn the ail, oi- a dissecting mi croscope. The0
rest of the invertebrate sarn:,'e *as eitne- fIeit-sorted in a shallow white
o anr wh) ie -')e organlisms were s-ri lalive or preserved in formalin,

returned -7 -ne taoao vded W: n o ) enqa al solution, and hand
s orled. Th;- proced u-e 'or sor inc mrac~oinvertebra-es is thie most
-Tiorougr )u also tne -os' ',re consjrnnc C ummins, 1962 ).The aual tv



control criteria for sorting was to sort until no organisms were found in
2 minutes of continuous examination. All samples sorted in the laboratory
were examined by a taxonomist as a further duality control measure.

A modification of the standardized dipping method was used at -
Shoshone North Pond in August and Seotember in an attempt to adequately
sample the shallow (less than 10 cm) areas of littoral vegetation. The
dip net was pushed vigorously through a stand of shallow littoral
vegetation over approximately 24 cm of surface area four times. The
samples were then processed as previously described.

ECKMAN DREDGE SAMPLES

Dredge samoles were collected from muddy, flocculent, or soft-oottom
habitats for whicn the sampler is best suited ( Cummins, 1962 ). Samples
#ere collected by hand and transfered directly to a screen-bottomed bucket
( U.S.Standard 30 Mesh ). The sample was vigorously rinsed jntil the mud
and fine sediments were removed and tnen transferred to a one-quart mason
jar. Samples were either field-sorted or Drocessed in the laboratory as
described above.

COUNTING PROCEDURES

All organisms removed from Eckman dredge and standardized dip samples
were identified at appropriate magnification and counted. iata were 0
recorded on bench sheets. Identifications were 'o the lowest possible
taxon using standard taxonomic references. P!ankton or algae mat samoles
were counted by removinq sub-samoles from the sample with a Stemople
Pioette. The sub-sample was placed in a Sedgewick Rafter cell and counted
until either 100 organisms had been encountered or 1C4 of the totai sample
volume iao been counted. Because of extremely low densities in the
p!ankton samples from flowinc spring systems, these samples consistently
required that 10% of the samole volume be counted.

DATA ANALYSIS RCCEDURES

invertebrate da~a were compiled on benci sheets durinc identificaticn
and enumeration procedures. Software was developed "or data organization
and entry into computer storage. All life-staaes KIentfied for texa were
stored seoaraTely. Additional software was :eve ooed for outout
tabulation of raw data ( Appendix C ), calculation and outut tabulation
of basic statistics : Appendix 0 ), and calculation of oercentaqe data -
from raw data (used In oreoaraTion of pie diagrams). Diversihy index
:alculations recuired that a!l life-stares of a taxa be summed prior To
that calculation. Software was 4eveloped to accomplish this and report
the necessary summat;ons as "gcrecates" , Appendix D ). All diversity
index calculaticns were performei Jsing aggregated data where anorocriate.
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RESULTS

The percentage of mollusks, based on numbers per square meter, was
over 95% of the total number of invertebrates in at least one habitat in
all spring systems sampled. The actual percent composition by habitat of
various taxonomic groups collected are graphically presented in the fish
gut analysis section. There were indications of seasonal shifts in
species composition and/or age structure of invertebrate copulations
sampled in all aquatic ecosystems. Variability of samplina methods and
The limited number of samples collected from habitats preclude extensive

statistical treatment for most data.

The four aquatic ecosystems examined exhibited marked differences in
their invertebrate fauna. Preston Big Sprina contained the most diverse
fauna with greater than 40 taxa being collected. Shoshone North Pond also
contained a diverse fauna, though less diverse than Preston Big Spring.
The stuay area in the outflow of Ash Spring was fairly poor in species
-icnness but had quite a few species of chironomids. Lockes Ranch Sorina
was quite poor in species richness with generally, only one representative
for any major group ( Table 22 ). The taxonomic organization presented in
Table 22 follows Edmondson, 1959, although current nomenclature has been
substituted in some cases ( eg: Cnidaria for Coelenterata ). 0

ZOODLANKTON

In all the 'lowing springs, true planktonic organisms were quite
sparse (less than 1 animal/liter). It was obvious from observations of
these collections that the plankton of the flowinc water systems we
studied was virtually nonexistent. This is further supported bv the fact
that all organisms observed ir plankton samples from flowing water systems
were typically found in association with littoral vegetation (e.a.,
-hizoods and cyClocoid cooeDods ). Shoshone Ponds, on the other hand,
nave a 'rue planktonic community. In the north pond, which was
intensively studied, the plankton community appeared to be associated w +h
a!ca; mats. A ;imited study of the planktonic communities of 'he three
Donds was performed in June, July, and September To determine the
pc-ential effect of 'ish populations on p'anKton density. It was obvious
tnat Tne center pond (no fish) had much higher open water plankton
densities during June than either the north or south pond ( Table 23 .
-ate summer plankton densities were quite low (less than 10 an~mals/liter)
in al I onds.

'Jndoun~edly, the lack of a true planktonic community in the north and
south Donds, which ire inhabited by fish, is a function of fish predation

0 on the !armer Dlanktonic +orms ( coDecod adults and cladocerans ). •
Soec;lic iescriDtions of invertebrate communities associated with alcal
ma-s and open water in Shoshone North Pond will follow.
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Table 22. - Inventory Of Invertebrate Taxa Collected
p= Preston Big Spring , 1= Lockes Ranch Spring
a= Outflow Of Ash Spring , s= Shoshone North Pond

Spring Species* Common Name

ACT INOPOIDA
---s actinopoda (119) protozoans

RHI ZOPODA
---s unidentifiable rhizopoda (125) protozoans
p-as difflugidae (124) orotozoans
P-as Arcella so. (121) protozoans
---s Arcella dentata (122) protozoans
p-as Centrooyxis aculeata (120) protozoans
---s Centrooyxis hemisohaerica (125) protozoans
-s Tfrigonooyxis arcula (123) protozoans

* 4
CILIOPHORA

--a- cilioohora (127) protozoans

O-NIOARIA
0 --- Chlorohydra viridissima (033) hydras

TURBELLARIA
p --- turbellaria (probably microturbellaria) (032) flatworms
p --- Ouaesia sp. (031) flIatworms

NEMATODA
p1-s nematoda (161) round 4orrns

7ASTROT R ICHA
-- s gastrotricha (155) gastrotr ichs

ROT iFERA
-- s unidentifiable rotifera (136) rotifers
p--s Lecane sp.A - 170 microns (132) rotifers e
-s Lecane sp.2 - 100 microns (133) rotifers

---s Lecane sp.3 (130) roti fers
---s Lepadella so.1 (131) rot ifers
p--- Leoadella sp.2 (138) rotifers
p-as 'Aonostyla so. (134) roti fers
---s Scanidium loncicaudum (135) rotifers
-s Testudineiia ;5. (!37) roti fers

---- ------------------------------------------------ -- - -

503 (cont .



Table 22. - (cont.)

Spring Species Common Name

OLIGOCHAETA

Dlas oligochaeTa - all, includes fragments (141) worms 0
p-a- immature tubificid without hair chaete (146) tubificids
0-a- immature tubificid with hair chaete (151) tubificids
p) a- Limnodrilus hoffmeisteri (147) tubificids
D--- Limnodrilus soiralis (148) tubificids
p-a- Tubifex tupifex (150) iubificids
p-as naididae (142) naids S
D--- Nais sp. 1 ** (152) naids
p--- Nai s sp. 2 ** (153) na" ds
D--- Nais sp. 3 ** (154) naids
p--- Nais sp. 4 ** (155) nai ds
p--- Nais simDlex (159) na ds
D --- 5ristina sp. 1 ** (156) naids
p--- Pristina sp. 2 ** (157) na ds
pl-- Dristina aeauiseta (158) naids
p--s Pristina lonciseta levdyi (143) naids

HIRUDINEA

p--s unidentified nirudinea *** (139) leeches

CL ADOCERA
--- s juvenile cladocera (116) water fleas
---s Alona rectanoula (115) water fleas
--- s Chvdorus sohaericus (117) water fleas

COPEPODA D

p1-s =ycloDoid copepodite (111) co~eDods
p1-s copepod nauplius (112) copepods

P--- Eucvcloos aaiiis (113) coDepods
p--s Macrocvclops albidus (114) copepods

OSTRACODA
p-- unidentifiible ostracoda (004) bean shrimp
pla- cypridae ** (003) bean shrimp

AMPHI PODA
p-- Hvlella azteca (001) scuds

COLLEMBOLA
-I-- Sminthurides so..(189) springtails

504 (cont.)
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Table 22. - (--Ont.)

Spring Soecies Common Name

EPHEMEROPTERA
O-as Callibaetis sp. (027) mayfliles

OOONATA
p-a- unidentifiable zyqopteran (050,' damselIfl 1e-s
Plas immature coenagrionidlae (049) damselflies
olas Ar'iia spo. (042) damsel flies
---s Coenaarion resolutum ** (047) damseilies
---s Ischnura so. - immature (005) damselflies
0--S immature aniscofleran (030) dragonflies
plas immature libellulidae (045) draqonflies
Col-- Anax amazili ** (178) draconflies
--a- Eroetoaomonus so. (048) dragonflies
---s Erythemis sp. ** (171) dragonfiles

p--- O-rthemis ferrucinea (046) dragonflies
--a- Prooomorhus SO. - (199) dragonflies
P1-s TarneTr-um corruotum (041) dragonflies

HEM1PTERA
---s immature belastcmatidae (173) toe blters S
P1-- Selastoma flumineum 105) toe biters
-I-- Merracara ieorzides - adult (190) velvet waterbuas
0 --- Hesoerocorixa so - adult (191) water boatmien

CCL EOPTERA
P --- unidentifiable coleooteran larvae 1034) beetles S
--- s5 Aoabus so. - adult (174) beetles
P --- Anacaena so. - larvae (039) beetles
--- s Sides sus affinis - adult (197) beetles
--- s Cooelatrus so. -adult (188) beetles
p--- Deronectes so. -adult (180) beetles
---s Cerovatellus so. - adult (175) beetles
p--- Tnoc.rus so.' - l arvae (036) beetles
--- s Enocihrus so. - adult (181) beetles
P--- Hvdrobius fuscioes - adult (176) beetles
--a- Hygrotus so. - adult (198) beetles
-s Laccoohilus atrisk ernalis (136( beetles

-- S accoohilus deciojiens - adu!, (184) beetles
-s Laccobius aclilis - adult (1836) beetles

--a- Micrccylloeous so. - larvae )l3e.) beetles
--a- iMicrocyl loeous caous 4 axinus '179) beetles
--- s Paracvmus suocuoreus -aclu7 137) beet)les
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Tab ie 22. - (cont.)

Spring Species CoTmon Namne

p --- Peltodytes sp. - larvae (035) beetles
:)--s :-elTodvtes callosus - adult (185) beetles
D--- Rnanyus sp. adult ** (040) beetles

D-- Tr-aisTernus sp. - larvae (038) beetles
D--- Trooistiernus eliDticus - adult (037) Deetles

-r- Tr -senus subiaevis - adult (183) ete

I hCHOPTERA 4
p-- ydropTilidae-unidentifiaDle larvae (011) rnicrocaddisfiies

hydrootilIidae - uniclentifiable pupae (009) microcaddisfl ies
D-a- nvarooti iidae - adult (010) microcaddisfIlies
D-a -I~drCtila sp. - 'arvae (017) microcaddisflies

Hvcrooti a sp. - adult (019) microcaddisfl ies
Leucoricrna so. - larvae (018) microcaddisflies 4

Leuriciaso. - pupae (021) microcaddis~lies
p--- Leuctricnia . - adult (020) microcaddisfi ies
--a- NecTo~svche so. - larvae (022) caddisflIies
-~-a- Oxvenira sD. - larvae (012) microcaddisflies

s-- OxveTrnira so. - Du~ae (013) microcaddisfl ies
D --- OxveTni-a so. - adult (014) microcaddisflies
P --- Stactobiel a sp. - larvae (015) microcaddisfIlies
D,--- S3rac-rloiei a sp. - pupae (016) microcaddisfi es

I ::-,-D0P7=-PA
D--- leoidootera - single specimen * (104) butterf'lies

p--- ararcvractis sD. (1C3) tutterfIlies

D I PTE-RA
-- unidlentrfiale dipteran larvae (098) flies

o--- unideni'anle dipteran pupae (099) flies
oias unidernti'ied z-hironoenid - larvae ** (072) midges
D las unidentified hironomid pupae ** (070) midges
P--- chironomidae - adult (0711 midges
p-as unidentifiable chironorrid larvae (078) midges
D--- unidentifiable chironomid oupae (079) midges
p --- Ablabesmyia sp. - Ppae (094) midges

D --- Ablabesmyla so. - larvae (090) midges
--a- Chironomus sp. - larvae 074) midges
--a- Chironoenus sp. - pupae (075) midos
pla- Cricotoous spp. - larvae (081) midges

* (cont .
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6
Table 22. - (ccnt.)

Spring Species Common Name

D-a- -ricootus soo. - pupae (088) midges
--a- Crvoocn~ironomus sp. - larvae (.073) miages
--a- CryoTochironomus - so. - pupae (077) rnidaes
0--- Fovoer s p. --larvae (192) mi dge
--a- OizrFotendiioes so. - arvae (076) 'nicdes
p--- t-UKiefferiella so. -larvae (082" midges
P_-- Hetero~r-:ssccladius so. - arvae n0~ i dges
o --- )Aicrcosec-r-a so. - larvae :084W midges 10
D --- qicroosectra so. - Duoae (0?midaes
) --- Micratendioes so. - ar-,-e .383) midges
0 --- 7licroiendioes so. - zuoae (2189 midges

p-- 3r3Tanv-arsus so. - larvae 135' midges
-I-- t araTendioes so. - larvae (391; midges
-I-- Oaratendioes so. - pupae (092) midaes 0
D--- 3enTaneura so. - pupae (287) mnidges

p--- 2iaencosectra sp. - larvae (194) mde
--a- P7Ivyolilurn so. - larvae (080) midaes
D0--- 5seudocnircnomus fulvivent-is (193) mi dges

o-- ixa so. - larvae (167) dixi dae
0 0--- Osvchmoda so. -larvae (168) psycnmodidae
p --- Simufliium so. l arvae (159) plack fies
-Ia- ceraTcooqoniiae - Daloornia grouo (09 5) no-seeUms
---S ceral-opogonidae - Dupae (172) no-seeums
p1-- Cul icoides so. - larvae (096) -o-seeurns
---s 2don-rc.myia so. - larvae (166) srioe 'lies

---S straricimvs SQ. (110) snipe flies
D1-s Limonia so. - larvae (097) --rare flies

O R ISA7P I
0-as Hydrozetes so. (101) semiacuatic mite

HYCRACAR INA
p1-S unidentifiable hydracarina (106) water mite 0

---s Arrenurus so. (109) water miK-e
P--- Leberila so. (102) water mit e
-I-- Soercnion so. (107) wa,"er itie
-I-- Ther-macarus nevadensis (1095) water mnie

G;AS TRO PMA
p-a- I-errissia f-ad i is (068) !moets

p-- Fluminiccola n.sj. - ,juveni ~~* MlenlI
p--- urican.50. - sub-adul' (1 52, Snails

P --- Fluminicola n.so. - adult *** -:053; snails

-------------------- ---- --- --- --- ---- --- --- ---- ----- - ---
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Tab!e 22. - (cont.)

----------------------------------------------------- Cm ------------ .

Spring Species ComnName

---s Gyraulus parvus - juvenile (062) snails
---s Gyraulus parvus - sub-adult (061) snails
--- S Gvraulus Darvus - adult (060) snails
-I-- hydrobioid - new genus - juvenile * (057) snails
-I-- hydrobioid - new genus - sub-adult *** (058) snails
-I-- hydrobioid - new genus - adult **** (059) snails
--a- Melanoides tuberculatus - all (064) snails

s---S Physa virgata - juvenile (056) snails S -
---s ,_ysa viroata - sub-adult (055) snails
--as Physa viroata - adult (054) snails

PELYCEPODA
p--- Pisidium sp.1 - juvenile (066) clams
p--- Pisidium sp.1 - adult (067) clams 0 S

MISCELLANEOUS
pl-s terrestrial insects (aphids,etc) (170) terrestrials
p--s fish eggs (162) fish
p--s larval fish (163) fish
-a- Cichlisoma niqrofasciatum - (164) fish

* numbers at end of names represent computer number asslanment

only, not taxonomic heirarchy
** further specimens or taxonomic work is required to identify this

species
*** collected in qualitative samples only

**** endemic species
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TABLE 23. Comparison of *he plankton densities in the Shoshone Ponds.
=mean numbers/liter for limited counts of comparable vertical

plankton tows.

Jn api Round Juy Smlin Round
nmbe/ter taxa Meannmber/liter

North Pond 13.3 Rhizopods 0.0

Center Pond 320.9 Copepods, Cladocerans 182.9.

South ?ond 32.1 Rhizopods, Rotifers, Copepods 28.9
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ECKMAN DREDGE SAMPLES

Eckman dredge samples were collected from all springs. Invertebrates -

were extremely sparse in dredge samples, except at Ash Sprinq, where
molluscan density was very high. Specific descriptions of invertebrates
collected in dredge samples from the springs will follow.

* STANDARDIZED DIP SAMPLES

Dip samples were collected at Preston Big Spring, Lockes Ranch
Spring, and Shoshone North Pond. Extremely high densities of
invertebrates were observed in samples from Preston and Lockes sorings.
Dip samples were used exclusively at Preston Big Sprina due to the large
amount of emergent vegetation ard algal growth at that sDring. Returns
from dip samples were very good at Preston and Lockes spring. Specific
descriptions of invertebrates collected at each spring system will follow.

DESCRIPTIONS OF INVERTEBRATE COMMUNITY COMPOSITION

• p

Preston Bia Soring

Invertebrate communities collected in Preston Big Spring were e
considerably different in the various habitats sampled. The habitats
sampled represented all the major aquatic vegetation types present in the
spring, as well as a rocky bottom area in fast flowing water. The
gravel-bottom area in swift water, near the 100 meter transect, was
dominated by micro-caddisflies and the snail, Fluminicola n.sp., except
during September, when Hvalella azteca became important in this habitat

Tables C and D 01-04 ). The oripa (nasturtium) mats at the edge of
the fast flowing area were dominated by the amphipod, Hyalella azteca,

Oxyethira so., Fluminicola n.sp., chironomids, and turbellarians ( Tables
C and D 05-08 ). During the June sampling trio, very high numbers of
orbatid semiaquatic mites occurred in nasturtium mats, but these animals
were not prominent in samples from any other habitat or during the
following sampling rounds. Nasturtium - alaae habitats in slow flowing -

waters and sedge root mats were dominated by Fluminicola n.sp., the
micro-caddisfly, Oxyethira sp., turbellarlans, oligochaetes, and
chironomids ( Tables C and D 09-14 ). The age structure of Fluminicola

n.sp populations was different in the various habitats, with juvenile
snails appearing more important in habitats nearer the head pool than in
habitats further downstream. The numbers of Leucotrichia so. aooeared to 0
increase dramatically in the gravel and sand habitat. This was a result
of the close attachment of Leucotrichia to gravel substrates. This taxon
was not adequately sampled in June and July. To correct this during
August and September, all rocks contained in a dip sample were closely
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examined and the Leucotrichia larvae and pupae were counted in the field.

In all habitats, except gravel and sand, immature damselflies became
an important part of the community structure in August and September,
while immature dragonflies became abundant in September. Muddy habitats, _ -

sampled in August, were dominated by Fluminicola n.sp., while shallow
littoral vegetation sampled in September was dominated by ostracods,
Fluminicola n.sp.(field observations), turbellarians, beetles, and
immature damselflies. By September, a majority of the immature
damselflies had become identifiable as Arqia spp. Raw data listing the
numbers of each species per square meter for all replicate samples 0
collected are presented in Tables C 01 through 24. Basic statistics
generated by species and for totals are presented in Tables D 01 through
24.

Lockes Ranch Spring 0

Although the number of species observed at Lockes Ranch Spring was
quite low ( Table 22), the abundance of animals per square meter was quite
high in some habitats. Drift, mud, and sandy gravel habitats contained
the lowest invertebrate densities, while Utricularia mats and algae-sedge
mats contained quite high densities of inverteorates. Densities of the
hydrobioid snail and Pristina aeouiseta populations both reached 30,000 to
40,000 individuals per square meter. Both organisms are quite small in
terms of total individual biomass. Amphipods, mollusks, and oligochaetes
appeared to be the dominant taxa associated with Utricularia mats while
chironomids, mollusks, and oligochaetes appeared to be important in
algae-sedge mats. Although the densities were quite low, the flocculent. -
mud and sandy gravel areas were dominated by chironomids ( Paratendioes
sp.). Raw data listings and basic statistics for all samples collected
are presented in Tables C 25 through 48 and 0 25 through 48, respectively.

The distribution and abundance of aquatic invertebrates at Lockes
Ranch Spring remained very constant, with minor changes over the entire
four month study. As a result of processing errors in the algae and sedge
samples, the naiad worms appeared to fluctuate considerably on a monthly
basis. In reality, their oopulations did not fluctuate dramatically. In
the Utricularia substrate, there were indications of fluctuations in taxa " __

in qualitative observations conducted in cooler portions of the habitat.
This particular substrate should be carefully monitored for seasonal
fluctuations.

Shoshone North Pond

Open water zooplankton was not as important as zooplankton associated
with the algal mat in the pond. The aloal mat community represented the
major habitat for microcrustaceans in Shoshone North Pond end probably
provided a useable refuge for zooplankton production in the pond. Open
water zooplankton density was higher in June than July sampling, but that
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was probably a function of residual algal mat species being collected in
water grabs rather than any real change in zooplankton density. This is
supported by the fact that almost all the species observed in the open
water plankton samples were found in algal mat samples. Since very few
invertebrates were collected in dip or dredoe samples in June and July
it would appear that algal mat areas provided the major portion of the .0
food resource for the fish population in Shoshone North Pond during this
period.

Microcrustacean (copepods and cladocerans) abundance in algal mats
appeared to remain constant throughout the study period, while .0
invertebrate populations in littoral vegetation increased in August and
September . Rhizopod populations in the algal mat habitat declined
dramatically after July, but the timing of this was unclear due to
inadequate preservation of August algal mat samples. Beginning in July,
immature damselflies and dragonflies became abundant in littoral

I vegetation. In addition, a variety of adult aquatic beetles became
abundant in August and September. Raw data listing and basic statistics
for all samples collected are presented in Tables C 49 through 64, and D
49 through 64 respectively.

Outflow Of Ash SDrinc

The aquatic habitat in the outflow of Ash Spring was primarily a mud
bottom with alaae or macrophyte cover and occasional pools with sandy
bottoms. Very low densities of all invertebrates, except the introduced
Oriental snail Melanoides tuberculatus, occurred in every habitat sampled.
The sandy pool habitat was especially poor. Macrophyte-covered mud
(primarily Spiny Naiad ) was the most diverse habitat in the study area
accounting for the majority of species observed. Invertebrate densities
other than M. tuberculatus increased in the spiny naiad-mud habitat in
August and September . Chironomids appeared to be relatively important in
this system although the total dominance of M. tuberculatus made
determination of important species difficult. Raw da-ta listings and basic S
statistics are presented in Tables C 65 through 80, and D 65 through 80,
respectively, for all samples collected.

CONCLUSIONS

Invertebrate populations at Preston Big Spring are very diverse and
abundant. The trophic resource available for fish populations is very
large and diversified in this spring. Populations of invertebrates a+
Lockes Ranch Spring, although not very diverse, are quite abundant in
macrophyte beds. Macrophyte beds in general, appear to Provide the
optimal habitat in the natural springs. In Shoshone Ponds, an artificial
habitat with extremely low water flow, the major food resource appears to
be associated with ilcal mats in early summer and with littoral vegetation
and algal mats in fall. Alteration of algal mat density in this Dond
could drastically alter the habitat available for inverteb-ate
colonization and, in turn, the food resource available to the 'is!
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populationl. The outflow of Ash Spring is so completely dominated ~y
.4elanoides tuberculatus that it appears few other invertebrates are well
established in the study reach of this spring outflow. It is difficult to
evaluate the food resource at this study site or the consequences of
alterations on that system. Fish must re'y heavily on chironomids and on
The drift or food sources falling into the water since M4. tuberculatus is

* not a good food resource.
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MOLLUSCA

Due to the endemic nature of the aquatic molluscan resources of
Nevada, it is important to address this unique invertebrate fauna
separately. Very little comprehensive information is published on the
aquatic mollusks of Nevada ( Landye, 1973 ). Scientific freshwater
molluscan investigations of southern Nevada began about 1859 and
subsequent work was sporadic until the 1960's. In the 1960's 0. W. Taylor
began collecting freshwater mollusks found in the area. In 1969, J.J.
Landye began his inventory work in the area. W. L. Pratt began his
collection of freshwater and terrestrial mollusks in Nevada in 1976. -
Therefore, it has been only in the last 20 years that the species
diversity of mollusks have begun to be understood. The major portion of
tne endemic molluscan fauna is hydrobioid gastropods which are found in
desert springs. It is for this reason that any reduction in spring
discharges will cause a major stress on these endemic molluscan species.
It is certain that additional human population pressure will increase the
rate at which introductions of detrimental exotic molluscan species will
be made to these unique aquatic systems.

Many of these unique hydrobioid snails are known, but remain
undescribed in the scientific literature. As indicated by the frequency
of recent discoveries of new endemic freshwater molluscan species, there

are probably several other unknown hydrobioid species still to be
discovered in isolated springs in Nevada. In the four areas that
specifically were inventoried for this project, two endemic hydrobioid
species were found. In addition, within the four valleys containina our
specific study areas, a total of eight endemic hydrobioid species have
been found during investigations conducted over the last 11 years. An
additional four undescribed species have been recently discovered in
Steptoe Valley

Hydrobioid gastropods are found in many of the desert Springs in
western North America, including Mexico. Most of these species are
restricted to one spring system within one basin. In the literature,
these mollusks are referred *o as hydrobiid ( Hydrobiidae ) gastropods,
but recent taxonomic investigations by Davis (1979) have chanqed their
higher systematic posit ion to the hydrobioid gastrooods. Due to their
long separation in time and space, these hydrobioid species have become
highly endemic in spring systems that save maintained themselves for •
millions of years. Possil investigations in western Ar;zona have provided

evidence of Miocene deserT sDrings includng a hydrobioid fauna. AS
demonstrated by Davis (1979), iive mvdrobioid-mvdrob;;d sna Is can be
utilized as living fossils. C-om ere I vng *oSsilS, va;uable
information on rates of zooiogi:a evcut On anC D 'ae *ector,s can be
ascertained. Thus, *he nvd'ob s , 1as 'PO(S 0* 'evada snou!C be *-eated 0

as living foss IS, with grea :are akern *: D-eserve Ine'r Doou!ai*ons.

Some of Nevadas sor )-,s 'ave -ee, s'-w p ey slec -on nuous'v
since at least Piocene mes - ' , "we w *e-
li-om some dese-1 sorin,%s a3 0,, -c~
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be in excess of 1000 years old. These facts should be considered in terms
of the total antiouity of desert springs of western North America,

* including Nevada. If groundwater pumpina does not "dry" uD the spring and
cause extirpation of endemic molluscan species, then long term pumping may

* cause changes in the distant future. An example of groundwater oumping
causing extirpation of species is the spring south of Palomas, Chihuahua,
Mexico. Groundwater pumping in the Deming, New Mexico area has caused the
cessation of spring flow, extirpating three endemic hydrobioid species,
and one endemic fish, Cyorinodon n.sp.

Aquatic molluscan inventories of White River, Pahranagat, Spring, and
Railroad valleys are essentially complete, while the molluscan resources
of Steptoe, Snake, and Monitor valleys remain largely unknown.

White River Valley ( Preston Bid Sorin)

Within Preston Big Spring, only one endemic gastropod was found, S
Fluminicola n.sp. This undescribed species is also found in c-ner springs
in White River Valley, i.e., Moorman and Hot Creek springs. Moorman and
Hot Creek springs also support Trvonia clathrata which is endemic to the
White River system, including the Panranagat and Muddy River valleys.
This species is declining in numbers and any additional stress to the
species will seriously jeopardize its continued existence. 0

Most of the springs on the eastern slope of the valley support an
endemic undescribed Fontelicella species. These snails are restricted to
aquatic vegetation in headsprings such as Hardy, Emmiarant, Flag, and
3utterfield springs. In the latter three springs, there also is an S S
undescribed Fluminicola. Systematic investigation has yet to be completed
to ascertain wnether these populations of Fluminicola are of the same
species as the oopulations at Moorman, Preston Bid, and Hot Creek springs.
Nc+e that the term Fluminicola is used here, eventually the Nevada
Fluminicola will be put into a new genus.

Railroad Valley ( Lockes Ranch Sorinq )

An undescribed genus-species of gastroood is found in the Lockes
Ranch Spring. This snail is also found in other springs on the Lockes
Ranch, i.e., Reynolds, and Corral springs.

Found on the eastern slope of Railroad Valley is an undescribed
Fontelicella frcm at least three springs near Current. Habitat preference
for this species is flowing water in headspring areas and usually on hard
substrates such as Roriopa . In one of these springs, Valvata humeralis
is found. Although more widespread in more northern areas of North 0 0
America, 'riis oopulation probably represents a Pleistocene relict as
evidenced by a Pleistocene fossil molluscan fauna in the area.

In upper Railroad Valley, near Ouckwater, a totally different

5 1
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molluscan fauna occurs. In the Duckwater Springs, Ouckwater Indian
Reservation, an undescribed genus-species is found. Besides this spring,
Big Warm and Little Warm springs provide habitat for a second undescribed
genus-species. Both of these species are different than the species at
Lockes Ranch Spring. Although no living specimens were found, an
undescribed species of Tryonia also was found in Duckwater Little Warm __
Spring. No endemic mollusks have been found in springs located on the
southern and western slopes of Railroad Valley, except the Lockes Ranch
area.

Spring Valley ( Shoshone Ponds

Shoshone Ponds support no endemic aquatic mollusks. Cosmopolitan
gastropods such as Gvraulus parvus and Physa viraata are present. The red
rams horn, Planorbella ouryi, a native of Florida was introduced, but only
dead shell has been found. Succineidae, a family of terrestrial
gasTropods, was found on the soil at the margins of the pond.

Although no endemic freshwater mollusks were found in Shoshone Ponds,
endemic hydrobioid snails have recently been discovered in Spring Valley
during a systematic molluscan inventory of the valley. One species was
found in a spring B km south of Shoshone Ponds, as well as in springs
loca*ed near Cleve Creek, including Grey Spring, which is located on S
Bureau of Land Management land. Even though the area north of Cleve Creek
abounds with springs, the species was not found there.

Pahranacat Valley ( Outflow of Ash Springs

As previously stated, the specific sample site, Burns Ranch portion
of the spring run, was dominated by Melanoides tuberculatus. Since M.
tuberculatus is a potential parasite vector it presents a special medical
problem. This exotic Oriental snail is a known intermediate host for
human trematode flukes. Two of these flukes are Paraaonimus westermani,
which infects the lungs and Metagominus yokaoawai, which inTects the
digestive tract. Paragonimus westermani is present in North America with
one occurrence recorded in man prior to 1964. Frequent occurrences have
been reported in mammals in California, among other states.

The introduction of Melanoides tuberculatus into the Ash Springs
system occurred before 1969, but collections in the headspring in that
year yielded only a few specimens. Since 1969, its population has rapidly
increased, essentially replacing the native Tryonia clathrata. This same
phenomenon has been observed in the Muddy River Valley portion of T.
clathrata's range and with Tryonia spp., Ash Meadows, Nevada. Increased
utilization of Ash Springs for recreation increases the chances of
incidental transport of M. tuberculatus to other unique spring systems in
Nevada.

Besides Tryonia clathrata, the headsDrina area of Ash Springs
supports the endemic Fluminicola merriami. It is restricted to Pahranagat
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Valley and 4ound in Ash, Hiko, and Crvstal sDrinns. Since Melanoiles
tuberculatus does lot occupy their headsDrina habitat of rocks in
moaerateiy flowing water, populations of the native species are in good "

condition. Any damming of these headsprings would cause a decrease in
habitat for the native species, resulting in lower Dcoulations.

Steotoe Val ey

A brief (24 hour) inventory of aquatic mollusks was conducted in
Steotoe Valley in late August. During this period of time, four
previously unKnown and undescribed hydrobioids were discovered. These
were located in springs on the Steptoe and Lazzeti ranches and Shellbourne

Pass. This demonstrated just how biologically unknown many of these

basins are. In light of these recent discoveries, a more comolete
moiuscan inventorv of -ne Steotoe Valley springs is needed. According to

Eakn e a!. 11967) rhere are over 100 springs in the basin.

*
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FISH COMMUNITIES -

INTRODUCTION

Relatively few species of fish occur in the Nevada portion of the
area being considered for deployment of the M X Missile System. Many 0
species, subspecies and/or populations within this area are of particular
concern because they are endemic, endangered, threatened, sensitive, or in
some cases, apparently undescribed. The fish fauna throughout a portion
of the area has been thoroughly examinid by Hubbs et al. (1974). Certain
undescribed forms are known to exist in Railroad, Hot Creek, Big Smoky,
Fish Lake, and Little Fish Lake valleys, areas not covered by Hubbs et al. S S
(1974). While the undescribed forms are not listed by the Department of
Interior in their list of endangered and threatened wildlife and plants,
at least some of them do appear on the proposed list of sensitive species
developed by the Nevada DeparTment of Wildlife. Nevada is developing a
continuing program to clarify both the taxonomic and population status of
all native *isnes. This effort wIli initially focus on a few of the forms
and Populations of uncertain status. In addition to the monograph by
Hubns et al. (1974), aeneral intormation on population Status of many
fishes in central and eastern NevaCa is ava lab;e in La Rive-s (1962),
Deacon (1968; 1979), Deacon et al. '9';:, an. Harlv (,980a).

This report deals with 'ishes ; vln in 4ou- selected habitats
falling within the area proposed for jeP-ov-en- o4 toe M X Missile System
in Nevada. Intensive studies were conduc:eC 4-om June throuan Sep~ember
of 1980 on fishes living in 10C meter sec-ons o' ceston Big Spring,
Lockes Ranch Spring, and the outflow stream o' As! SDrina. ;n addition,
the fish population living in tne Shoshone North Oond in t he southern
portion of Spring Valley was studied in some oetail. cishes involved in
these studies include Gi a ropusta ior ani 03nranaoat roundtail chub ),
Rhinichtnvs osculus velifer ( White River speckled dace ), CaTostomus
clarki inTermedius ( White River oeser- sucker ), Emoetricnthvs latos
aTos ( Panrump Killifish ), Crenichtnvs Pailevi ssD. 0 reston White

River springfish ), Crenichthvs nevacae ( Railroad Valley soring'ish ),
Gambusia affinis (mosquitofisn), and Cicn;asoma niarofasciatum (convict
-icnlid).

Gila robusta iordani was described by Tanner (1950) from Crystal
Spring, Pahranagat Valley, Nevaca . It also has been recorded from the
outflow of Ash Spring but has not been taken in UDDer Pahranapat Lake or i
south of that point ( Miller and Hubbs, 1960; La Rivers, 1962). Records,
since 1960, indicate that the species has disappeared from Crystal Spring
and its outflow and is, at present, confined to the natural stream course
on the Burns Ranch, which is the only relatively unmodified section of
stream forming the outflow of Ash Spring. Below Burns Ranch, the outflow
becomes confined to a concrete irrigation ditch which contains no suitable 0
hapitat for native fishes. Disappearance of Gila from Crystal Spring and
its outflow probably occurred prior to February,-1961. Observations and
seining at Crystal Spring and its outflow on February 16, 1961 by J. E.
Deacon yielded only speckled dace, White River sprincfish, and carp

:vDrinus car-Dic ). Freauent subseauent collections at Crystal SDrinc
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have failed to document the occurrence of Gila in these waters. The
disappearance of Gila from Crystal Spring is puzzling, since habitat
modifications there appear to be no more severe than those that have
occurred in the outflow of Ash Spring, where the species persists in low
numbers. Because of the low population, there has been virtually no
recent information developed on the ecology of the Pahranagat roundtail
chub. Schuman (1978), however, reported on responses to temperature and
dissolved oxygen in the closely related forms of the Moapa and Virgin
Rivers in Nevada, Arizona, and Utah. The Pahranagat roundtail presently
lives in a thermal environment that is very different from other
subspecies of Gila robusta . The populations from the Virgin and Moapa
Rivers have a final thermal preferendum of about 23.80 C. Thermal
preferenda shift from about 17-24* C as acclimation temperature shifts
from about 9-30* C . Critical thermal maxima shift from about 29-36* C as
acclimation temperature shifts from about 10-25* C. The temDerature in
the area occupied by the Panranagat roundtail chub is 30-31* C.

Rhinichthvs osculus velifer, described by Gilbert (1893) from
Pahranagat Valley, where it is common in the outflow of Ash Spring, also

occurs in White River Valley, where it is abundant in Preston Sia Soring.
'ore detailed examination of variation between the several Dopulations in
Pahranagat and White River Valley may reveal additional, as ,et
undescribed, subsoecific differences.

Catostomus clarki intermedius was described by Tanner (19A2) from
streams and springs at Lund and Preston, White Pine County, Nevada. The
subspecies was present in Panranagat Valley in 1938 but had apparently
disapoeared from there by 1959 ( Miller and Hubbs, 1960). It persists in
cold spring flows in White River Valley .

moetricnthvs latos latos was described by Miller (1948) from Manse
Ranch, P;anrumo Va l-ey, N:ye County, Nevada. It exists as a transplanted
population in Shos.'one Pond, where it has maintained a pooulation since

O) August 31, 1975. Its original habitat is now intermittent. Some
information on the ecology and life history of this species has been
published by Miller (1948), Deacon et al.(1964), Minckley and Deacon
(1968), Selby (1977), Soltz and Naiman (1978) and Deacon (1979). There
is, however, no comorenensive account of the life history of the species
available. In addition to the work on oopulation size and ecology in
Shoshone North Pond done in connection with this study, we also present
some information from the files of J. E. Deacon developed many years ago
when E. latos still occurred in its natural habitat in Pahrumo Valley.

Crenichthys bailey! was initially described by Gilbert (1893) from
specimens taken in Panranagat Valley. Williams and Wilde ( In Dress )
have recently described several subspecies. One population in Hiko
Spring, Panranagat Valley has become extinct ( Deacon, 1979 . The
pooulaTions in Ash and Crystal Springs are now quite low, aoparently as a
result of compeTitive interactions with introduced aquarium fish ( Deacon
et al., 1964; Hubbs and Deacon, 1964; 3eacon, 1979; and Hardy, 11ECc ).
*ooulations in the warm headwaters of the 'Aoaoa River are also suo ected
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to population changes, apparently resultina from interaction with
introduced fishes ( Cross, 1975; Deacon and Bradley, 1972; Hardy, 1980a;
and Wilson et al., 1966 ).

Espinosa (1968) treated spawning periodicity and fecundity in the 0
White River springfish. He demonstrated that spawning occurs primarily in
the spring and probably somewhat later in the more northern parts of their
range. The spawning season is quite extended however, and there may be a
secondary peak in the fall. Size of females at first maturity appears to
De larger in populations not subjected to competitive relations with
exotic species. This suqgests that one possible mechanism of population 0 0
limitation in the face of competition is to reduce fecundity of the
Population by becoming sexually mature at a smaller size. On the other
nand, the hicher fecundity exhibited by the Crenichthvs populations at
Crystal and Hot Creek springs may represent differences between

populations that are unrelated to competitive interactions. emale
Crenicntkhys bailevi produce 6-20 eggs probably twice during the course of •
a year. Furtner discussion of spawning periodicity and fecundity in White
River springfish is available in Espinosa (1968).

Studies of the physiological and behavioral ecology of Crenichthvs
bailevi also have shown some interesting variation. The metabolic rate of
springfish living in cooler waters is apparently hiqher (when tested at
the same temperature) than it is for springfish from warmer habitats

Hil yard, ( In press ); Hubbs et al., 1967; Sumner and Sargent, 1940;
Sumner and Lanham, 1942). Cool adapted animals were unable to survive the
conditions of low oxygen and high temperature occupied permanently by warm
adapted animals. HubDs et al. (1967) and Deacon and Wilson (1967)
demonstrated that activity periods of springfish can be influenced by
emDerature, dissolved oxygen, and The presence or absence of introduced
fishes.

The Railroad Valley springfish ( Crenichthys nevadae ) was described
by Hubbs (1932). Hubbs et al. (1967) examined the influence of oxygen
concentration and light on activity cycles of the species. Hardy (1980b)
comments on a transplant made by the Nevada Department of Wildlife into
Chimney Springs in Railroad Valley. He also records the recent
introduction of mosouitofish ( Gambusia affinis ) into the headwaters of
Duckwater Spring. Distribution of Crenicnthys nevadae is known but most
other aspects of its life history have not been examined.

Our studies on the fish focused on determination of population size,
population structure, food habits, and habitat preference. Where
possible, we have examined historical data in an effort to clarify the
probable consequences of M X development in the area. •

5 2
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POPULATION DATA

MATERIALS AND METHODS

Fish were collected at Oreston Big Spring and Lockes Ranch Spring
during June by shocking 20 meter sections of stream with a 110 volt AC
generator. A 15 'x 6 'x 1/4" mesh nylon blocking seine was placed at the
downstream end of each shocking strip and then three consecutive passes
were made through the habitat. Fish were removed after each pass and held
in buckets. Once a strip had been shocked, fish were measured to the

nearest millimeter of total length, the caudal fin was clipped, and the
fish returned to quiet water at the downstream side of the area sampled.
This procedure was repeated twice over the entire habitat to obtain mark 0 6
and recapture ratios so that population densities could be calculated by
the Peterson method as presented in Ricker (1975). Shoshone ponds, Preston
Big Spring, and Lockes Ranch Spring were collected during the study by

using minnow traps baited with liver-flavored cat food. Population
densities and structure were analyzed by the methods described above.
Density of the fish populations at Pahranagat were obtained by direct
counting procedures. Both underwater and surface counting were employed in
tandem over each consecutive 5 meter section of habitat. Population
structure for June only was provided by hand seining selected habitats and
recording total length as mentioned above. Length classes were created by
combining fish into size intervals of 3 millimeters beginning with 0-1-2
mm total length. This serves to smooth the length-frequency curves 0

somewhat and allows assessment of population structure. Length classes are 1
reported as the median length of a given class interval.

Habitat parameters such as depth, current, substrate, and temperature
were taken from the habitat morphometry data and were used to calculate
the area sampled, mean depth, mean current, and predominant substrate
types for each section of habitat sampled by shocking. Fish data were
standardized for these collections by calculating the number of fish per
meter squared of habitat sampled. Habitat values specific to trapping
locations were recorded at the end of each trap interval and fish
densities recorded as number per trap hour for each trap locality. Data - . --

were analyzed by comparing the respective densities of a particular
species with environmental parameters such as: habitat type, substrate,
current, or death of capture. Statistical analyses were performed by
S.P.S.S. ( Statistical Package for the Social Sciences ). Visual
observations were made on all species for reproductive condition and -1
spawning behavior in t'ie habitat. Length-frequency diagrams were used to
assess relative age structure of the particular species. Other general
observations such as activity cycles, presence or absence of predators, • 5
and inter/intra-specific interaction were recorded in the field diary.

Egg surveys were conducted at Preston Big and Lockes Ranch springs
during each sampling round by examining various substrates for their
presence. Standardized vegetation cores were taken at these springs in
September in an effort to quantify the distribution and abundance of the - 5

eggs on various substrates and locations within the habitat. Visual
feeding experiments were conducted on Gila robusta jordani during August
and September in an effort to establish food preference patterns.
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0 RESULTS AND DISCUSSION

PresTon BiC Spring

Rhinichthys osculus

The Peterson population estimate for the June shocking data was 3066 W

4/- 650. This is in close agreement with the Peterson estimates obtained
by trapping in July through September which were as follows: 3985 +/- 300
in July, 2856 +/- 183 for August, and 3210 +/- 211 in September. The
August estimate is slightly lower than July but not significantly

different from June or September. Table 24 gives summary data for trapping
* results at this spring and demonstrate that there was no significant

difference in the mean number per trap hour for any of these sampling
periods. Figure E-1 demonstrates a shift in population structure during
the summer sampling period. The shift appears to be largely due to growth

of individuals in the population sampled in June. Little evidence exists

of recruitment of a significant number of young of the year subsequent to

June. Some fry and fingerling dace were observed during all four sampling '

periods.

Dace consistently showed a significant reduction in number per trap
hour below transect 50 during each sampling round. This is primarily a

response to significantly higher current speeds in this area of the
* habitaT. The electivity curves for the response of dace to current and -

depth are given in Figures E-2 and 3. In general, as current speed
increased and depth decreased, the number per trap hour declined. This

pattern held true for each sampling round. Significantly higher numbers
per trap hour were collected in the marginal habitats during each sampling
round. This reflects a response to differences in current speed and
available cover. Dace showed no preference to any substrate. Since

temperature and oxygen levels were so consistent throughout the habitat,
no significant difference in dace distribution resulting from variability
in temperature or oxygen could be discerned.

Examination of available substrates for eggs during September was
unsuccessful within the study area but several were found adhesive upon

Utricularia sp. 200 meters down the outflow. Fry and fingerling were most
common during June through August though many were still evident in

September. They were entirely confined to the e<treme lateral Quiet waters
of the stream course where dense mats of emergent Scirous sp. and

watercress provided adequate cover. Several collections within each

sampling round showed that young dace were consistently the most abundant
0 in these microhabitats. There were no specific recordings of actual

spawning behavior during our investigation though breedinq colors were
persistent from June through August. The number of individuals with
breeding colors had greatly diminished in the September collections. Dace
exhibited schooling behavior throughout the study and could be observed

feeding on drift as well as "diving" into algal mats or other aquatic
* vegetation. Date did not show any aggressive behavior toward Crenichthvs

baileyi but did move out of areas occupied by Catostomus clarki.

Historical data collected at this spring by Dr. James Deacon in 1965

and 1966 showed that the White River sprinafish, Crenichthys bailevi, was

the most abundant species and that the speckled dace was the second most

* 5
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dominant species. Our study shows that the speckled dace and springfish
have reversed their dominance but that the total number per meter square
of all fish has remained unchanged. This suggests that the total carrying
capacity of this system has remained stable over the last 15 years.
Deacon's data also demonstrated that the mean number of dace per meter

square also decreased below transect 60. This again is primarily a .#.---
response to higher current speeds and reduced available cover. The severe
habitat alterations discussed under habitat morphometry apparently did not
affect the dace population.

Crenlchthys baileyl

The use of shocking gear at this spring in June apparently resulted
in selection against springfish. Their utilization of heavily vegetated

areas did not permit adequate sampling and the variance associated with
the population estimates gave unreliable results. The number of captures
were so low that further statistical treatments were not possible for this
data set. The use of traps during subsequent sampling periods proved
adequate in obtaining sufficient numbers of soringfish to allow a
statistical analysis of population size. The Peterson population estimates
for the July through September data are as follows:1674 +/- 240 in July,
1202 +/- 251 in August, and 1380 +/- 470 in September. There is no
significant difference between the estimates. There was also no
significant difference in the mean number per trap hour during the July
through September sampling (Table 24). Figure E-4 demonstrates that a
shift in population structure did occur during the summer sampling period.
In general, as the summer progressed, the percentage of larger fish in the

sampler decreased while the percentages of smaller fish increased. This
pattern demonstrates that recruitment and growth were occurring throughout
the summer and that there was probably post-reproductive mortality in the
adult population. 0 0

Springfish showed a consistent drop in the mean number per trap hour
below transect 60 for all of the collections. As with the speckled dace,
this is a response to both significantly higher current speeds and lack of
calm water with dense mats of aquatic vegetation. This also accounted for
significantly higher densities along the western and eastern boundaries of S
the spring where quiet water refugia are well developed. Figure E-5 and 6
show the response of springfish to current and depth for all the
collections. This pattern was consistent for each of the sampling rounds.
Springfish showed a slight preference for softer substrates which are only
found in the quiet, slow current portions of the habitat (Table 24).

* SJ

Spawning behavior was not observed during the course of field studies
though breeding colors were noted during all sampling rounds. Examination

of extensive quiet water areas during all months resulted in observations
of only a few springfish fingerling and fry. The reproductive success in
this species was notably less than that of the speckled dace during June
through September, 1980. Whether this has resulted in a lower population *
size than occurred in 1965-66 is unknown. We suspect, however, that - -

habitat factors are involved in the observed reversal of dominance, rather
than changes in biological characteristics of Crenichthys baileyi.
Springfish were not observed integrating with schools of speckled dace and
were often seen moving out of an area when approached by other species.
Often a vast majority of a single trap catch would be dcminated by a *
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Table 24. Sunary statistics for trapping data at Preston Big Spring,

July through September, 1980. Means and standard errors are in number
per trap hour. An * indicates a significant difference at the 95%
confidence interval.

Crenichthys baileyi Rhinichthys osculus

PARAMETER MEAN STD. ERROR N PARAMETER MEAN STD. ERROR N

SUBSTRATE

mud 8.9* 2.1 12 mud 35.5 9.0 12
sand 2.6 0.6 9 sand 11.2 2.8 9
sand/mud 7.0* 1.2 27 sand/mud 26.9 6.2 27
sand/gravel 2.9 0.7 66 sand/gravel 10.2 1.6 66
rock/gravel 1.4 1.1 6 rock/gravel 14.9 7.1 6
unidentified 8.3 3.6 3 unidentified 27.2 8.2 3

DATE

July 4.7 0.8 51 July 12.1 2.1 51
August 5.5 1.3 36 August 18.2 3.4 36
September 3.0 0.7 36 September 23.0 5.1 36

TRANSECT
* 0

tran. 20 9.6 2.6 9 tran. 20 25.1 6.3 9
tran. 35 7.4 2.0 9 tran. 35 12.5 3.7 9
tran. 50 5.2 2.2 9 tran. 50 10.0 1.9 9
tran. 65 3.4 1.3 9 tran. 65 13.8 7.9 9
tran. 80 0.4 0.2* 9 tran. 80 7.5 3.0 9
tran. 95 0.5 0.3* 9 tran. 95* 1.9* 0.5 9

TRAP LOCATION

east edge 3.8 1.1 18 east edge 14.1 5.2 18
middle 2.6 1.0 15 middle 11.6 3.1 15 S O
west edge 7.2 1.8 18 west edge 10.5 1.7 18

524

* I 5



single size class. This may indicate that only fish of similar size (age)
school together. No specific observations of feeding behavior were made in
soringfish, primarily due to their utilization of dense cover most of the
time.

Visual observations during September, suggested that the habitat
modifications by cattle may have had a detrimental effect on the
springfish. Fewer specimens were observed and there did not appear to be
as many individuals in the traps. However, statistical analysis showed
that there was no difference in either numbers per trap hour or population
estimates from previous months.

To our knowledge, Crenichthys baileyi continues to exist throughout
its known historical range with the exception of Hiko Spring, where it has
been extirpated. Several other populations are considerably diminished in
size as a result of habitat modifications and introduction of exotic
species by man. Additional information on the status of Crenichthys
bailevi populations is available in Hardy, 1980; Deacon, 1980; Deacon, et 6
al. 1979; and Williams and Wilde, (In press).

Leoidomeda albivallis

Historical data collected during 1965-66 indicated that this species
was not common but that specimens were regularly collected. Extensive 0
shocking in June and trapping and hand seining in July through September
failed To produce a single specimen. The loss of this species is probably
a result of the diversion of the outflow into underground pipes and
habitat disruptions throughout the remainder of the spring system. Visual
observations at a spring just southwest of Preston Big Spring did not
produce any sightings of this species. Lund Town Spring is currently the
only known habitat still retaining the spinedace in Upper White River
Valley. The presence of specimens in several other springs in the vicinity
of Preston has not been confirmed within the last 10 years. Further field
reconnaissance is recommended for this species.

Catostomus clarki

Very few specimens of the White River sucker were observed within 'he
study area during any of the sampling rounds. Visual counts ranged from
just over 20 in June to less than 5 in September. Extensive shocking and
hand seining on several occasions failed to produce any young of the year
or more than a few adults from the entire spring. The Dooulation of
suckers in this spring is certainly below 50 and may be considerably
lower. This species could become extirpated at Preston 3ig Spring within
the next few years.Efforts should be initiated immediately to assess the
current distribution and population status of the remaining populations
within the upper White River Valley. Collections by Deacon in 1965-66
indicate that this species was more abundant at that time. Lund Town
Spring currently contains a small population of suckers. This is the only 0 O
spring within this valley that has been checked in the last few years.
Further work is necessary to assess the status of this species over its
current range. Reasons for the decline in Preston Big Spring are probably
similar to those :isted under Leoidomeda albivallis.

5 2
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Lockes Ranch Spring

Crenichthvs nevadae

The Peterson population estimate for the June shocking data was 11393
+/- 4700 and is in close agreement with the July trapping data which 1
yielded an estimate of 12788 +/- 2500. Both of these estimates are
somewhat higher than the August and September trapping estimates which are
as follows: 7309 +/- 1156 in August and 7792 +/- 822 in September. The
discrepancy in the estimates may result from relatively low recapture
rates in the first two samples, from hig'h mobility of this species in the
system, or from a tendency of the species to occupy downstream marshy or
slower water habitats during the summer but rely more strongly on warmer
headwater areas during winter and spring. There were increasing mean
numbers per trap hour in the July through September trap samples with
September showing a significantly higher trapping success rate than the
previous two months (Table 25). The increased trap catch in September,
with a lower population size then existed in July, is puzzling. Perhaps
for some reason the springfish tend to move more extensively in the fall
of the year than during the summer. If so, it would be consistent with the
suggestion made above that they rely more strongly on (and therefore tend
to move into) the warmer headwaters habitat in the winter.

Figure E-7 illustrates the population structure for soringfish during
the summer from June through September. This length-freauency figure S
indicates that reproduction and recruitment into the adult population is
occurring consistently. The presence of young in these samples shows that
spawning activity has been going on for several months and is continuing.
It is apparent in Figure E-7 that young were more prominent in the
population in June than was true later in the summer. It also appears that
adult mortality was greater in September than earlier in the summer. This
5uggests that even though there appears to be an extended spawning season
in this constant temperature spring, spawning intensity increases in the
spring. Eggs were located along the margins of the ScirDus beds throughout
the study site during all months. They were found almost exclusively on
Utricularia sD. The highest densities of eggs were found at transects
95-100 on the east and west margins of the spring channel where extensive
shallow areas Supported well developed mats of Utricularia. No spawning
activity was observed during the course of our observations. Eqgs appeared
to be more abundant in June than in September. This impression is
consistent with benthic invertebrate data (Appendix C), where egg
collections were icluded in the analysis.

In general, springfish showed increasing densities as one moved down
the outflow from the spring pool. This pattern was consistent for each of
the sampling rounds and is a consequence of several factors. The
availability of shallow, marginal habitats with aquatic macrophyte growth
increases significantly as one proceeds down the outflow. At these lower "
transect locations, from 30 through 100, the fish utilized all areas of
the stream course. However, at the spring pool, fish conoregated along the
margins of the Scirpus beds where a bounlary ayer of cooler water with
higher oxygen levels is associated with the emergent vegetation. Fish,
when released into the main pool after having been in the traD for a
period of time, would often surface and expose the dorsal asDect of their
head while ventilating their gills at the air/water interface. This
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Table 25. Sumnmary statistics of trapoing data for Crenichthys nevadae
at Lockes Ranch Spring, July through September, 1980. Means and standard
errors are in number per trap hour. An * indicates a significant difference
at the 95% confidence interval.

PARAMETER MEAN STANDARD ERROR N

SUBSTRATE

mud 13.3 3.1 57

travertine sand 18.6 2.3 96

DATE

July 10.4 2.d 68
August 15.4 2.5 48
September 29.8* 4.8 37

TRANSECT

tran. 5 7.2 1.5 30
tran. 15 12.6 3.8 15
tran. 25 12.0 4.2 11
tran. 30 12.5 9.6 8
tran. 35 21.7 7.1 7
tran. 40 2.1 1.0 4
tran. 45 31.3* 7.6 8
tran. 50 7.6 1.3 8 0 0
tran. 55 7.6 2.0 7
tran. 60 2.4 0.5 4
tran. 65 32.2* 8.5 7
tran. 75 16.7 7.2 15
tran. 85 22.1 7.6 11
tran. 95 35.9* 10.9 14
tran.100 39.1 18.2 4

5 2

527

n



S S

behavior continued for several seconds before the fish would seek refuge
in -he cooler, more oxygenated waters in tne aquatic vegetatioi. Oxygen
concentrations also tend to increase and temperatures decrease downstream,
especially in the quiet marginal habitats. These fac ts account for the
significantly higher aensities of springfish along the margins of the
spring outflow rather than in mid-channel for all of the sampling rounds. .. S
The response of soringfish to current and depth can be found in Figures
E-8 and 9. In general, as current speeds increase, densities decreased.
The response to depth is bell-shaped and demonstrates avoidance of shallow
water with high current speeds, as well as deep waters in the main pool
when temperatures are high and oxygen is low.

Feeding behavior was observed on many occasions during the course of
our field collections. Springfish would often dive into and pull
vigorously on strands of algae, as if specifically in pursuit of selected
prey items. Many times, the fish apparently were feeding on drift,
attnougn no specific food items could be discerned.

* 0

ShcsnoneNorth Pond

EmD;tri:hthvs latos latos

The Peterson population estimates for June through September are as
fo lows: 1148 +/- 11,5 in June, 918 +/- 95 in July, 817 +/- 81 in August,
and 952 */- 9C in September. These estimates represent a very stable
Population. Stab ;:tv is also evident in the Population structure as
oresented in -ioure E-10. There is no significant difference (.05) between
any of the months, thougr a slight shift to the right in the percentages
o' :arge- f;sh does ndicate growth over the summer sampling period.
September ca!a are not presented due to the high incidence of previously
c' piea caudal fins n tne sample. There was no significant difference in
the mean number Der t-ap hour during any of the months sampled.

Since the initial int-oduction of 50 killifish in August, 1976, the
population has only received sporadic monitoring. Population estimates
conducted on April 26-27, 1977, showed that the population had increased
584% to 392 individuais ( Logan, personal communication, 1977 ). By
October 27, 1977. the population had increased to 702 ( Selby, personal
communication, 1977 ). "Status" of the population was reported by Hardy
(1979) but no population estimates were available. The density of --
killifish demonstrated here suggests that the population may, by October, O
be very near the level estimated by Selby. This further suggests that the
species expanded to about lono-term carrying capacity within its first
year of existence in Shoshone North Pond. Length-freQuency analysis
performed on the June through August data, indicates that reproduction and
recruitment occurred prior to June. Spawning probably takes place in March

or April. We did not observe spawning behavior or fry in our June - 0
September sampling at Shoshone North Pond. The fact that the killifish did
not show any preference pattern related to depth (synonymous with trap
location) in the Pond is consistent with field observations made on this
species in its native habitat at Manse Ranch, where it utilized all areas
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of the spring CSelby, oersonal communication, 1976 ). Deacons
observations at Manse Spring in 1961-67, however, suggested a slight
preference for the deeper water habitats. Studies by Selby indicated That
in transplanted populations the young are more active during the daylight
hours and the adults are more active at night (ibid). The trapping data
collected by our group did not show this trend but this may be a result of
the absence of very young fish.

Outflow of ksh Spring

The visual counts for all species during each sampling round can be
found in Tables E-1 through E-4.

Gila robusta jordani

The chub population found within the study area during the June *
throuqh August sampling rounds was fairly stable and contained a large
percentage of young of the year. No discernable change could be detected
in the adult population over the summer, however, young of the year almost
completely disappeared from the September counts, causing a dramatic
decline in the total Dopulation. Whether these individuals moved further
upstream or died is, as yet, undetermined. At this time,the success of
recruitment into the adult population cannot be judqed, but winter
mortality of the young chubs must be high, since there are so few large
adults in the population. Young chubs, prior to September, made uo over
90% of the total pooulation estimated to be under 250 individuals. The
September estimates are about one half this number.

Adult chubs were only found in a deep hole with undercut banks at
station 50. Adults were never observed in the shallow runs on either side
of this habitat and only ventured a few meters from under the bank, during
foraging behavior. Juveniles and young of the year were observed
throughout the entire 100 meter sectioni but were in their highest density
in the deep hole at station 50. The smaller specimens, about 21 mm in
total length, could be observed in schools with speckled dace in the
deeper portions of the stream. Solitary individuals or schools of up to 10
specimens could be found in the swifter, shallower areas of the stream but
were very mobile, preferring the cover of undercut banks and snags with a
heavy growth of periohyton. Most observations of young chubs were made in
the deeper sections of the stream and none were found in the shallow quietwater where mollies and mosquito fish reach their maximum densities. ,

Solitary individuals were the exceptions with schools ranging from 3 to 15
individuals. Larger schools of more than 25 individuals occasionally were
seen in the hole at station 50. Frequently, chubs were observed schooling
with speckled dace. Some of the adult chubs still retained breeding
coloration in August, though no spawning attempts were observed. Careful
examination of extensive shallow, slow current areas failed to reveal any i
larval chubs. This suggests that peak reproduction occurred prior to June.
A majority of the young chubs were in the range of 30 to 100 millimeters
in total length. Some individuals ranged in size up to 200 mm and
undoubtedly are two or more years old. Several of the larger adults were
over 300 millimeters in total length.
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Feeding experiments conducted in August and September showed "

conflicting results for food preference patterns. Visual observations made
on the chubs clearly revealed that they feed on drift and would often be
seen darting at passing "items" which were sufficiently small that they

could not be observed even with close-up underwater movies. Several taxa
of aquatic invertebrates were released into the chub hole at transect 50
both in August and September. Chubs ignored such potential food items as
odonata nymphs and adults, adult molluscs, and injured larval fish.
Terrestrial adult dipterans, however, were taken approximately 401 of the
time. The presence of a diver in the water and/or the lights attached to
the underwater camera may have inhibited the chubs in their feeding
response. The animals did not show any fluctuations in their activity
patterns during any of the observation rounds. 0

Rhinichthvs osculus

The speckled dace was the most abundant native species during June

and July. The August and Septsmber counts showed a dramatic decline like
that observed in the chubs. Again, the reason is, as yet, undetermined. S
Figure E-11 shows the population data obtained from the June collections.

This figure demonstrates that reproduction had occurred prior to this
sampling round. There were few observations of any individuals in breeding
color in June through September, suggesting that reproduction had already

occurred. No spawning behavior was observed. Dace were only occasionally I
observed in shallow sections of the habitat and preferred the deep,
vegetated banks. Again, as with the chubs, solitary individuals were the
exception. Dace were commonly found in groups of 3 to schools of 60 or
more, oriented upstream behind well-developed snags and protruding banks.
They did not appear to mind the presence of young chubs of similar size

classes but would move when a larger fish of any species came close.
Feeding was observed on many occasions and was primarily oriented toward •

drift. Some individuals were observed diving into algal mats, apparently -
after potential food items.

Crenichthys baileyi

The White River springfish was only observed on three occasions. Its

occurrence in this section of the stream may be "accidental". Its highest
densities occur within the spring pools and their immediate outflows.
Since the introduction of mollies and cichlids in 1964, populations of
sDringfish in spring pools have declined dramatically, Hubbs and Deacon
(1964), Deacon and Wilson (1967). While springfish densities in this
outflow were probably never high, some evidence suggests it was formerly
more common than now. It is interesting to note that in May of this year, 0•
a male springfish was observed attempting to mate with a mexican molly.
This misplaced reproductive effort may have contributed to the reduction
in springfish population size following introduction of the molly.

Gambusia affinis

This species was almost entirely confined to the quiet waters at the
shallow edge of the stream in and around transects 55 through 60 and 25
through 40. The mosquitofish was never observed utilizing mid or bottom
waters and rarely ventured more than a meter away from the sides into
swifter current. Mosquitofish are probably underestimated by our visual

4
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counts because some shallow areas occupied by this species could not be
viewed adequately.

This species along with Poecilia mexicana have a high potential to
impact the native fish in this system. Because of its utilization of the
extreme lateral habitats and their known carnivorous habits, predation on
larval fish is almost a certainty. At no time in our field studies did
their reproductive effort appear to decline. Young were always numerous
and spawning behavior was common during all times of the day. The feeding
response of this species was very aggressive to any surface disturbance
and "swarming" was common.

Poecilia mexicana 0

The shortfin molly, since its introduction in 1964, has become the
second most abundant species in this system. The highest densities

occurred in the quiet shallow areas where it occupied the mid and bottom
portions of the water column. In the swifter portions of the stream it was
observed along the bottom in and about the aquatic vegetation. -Mollies 0

almost always occurred in schools of 5 or more and intensely pursued food
items introduced into the water. Spawninq behavior was observed
continually throughout the study. Most of the quiet water areas were
saturated with young and it is important to note that even a minor
reduction in water would result in dense concentrations in the remainder
of the available habitat. This occurs intermittently at present as a 0

result of irrigation diversions upstream from the study area. This may be
one factor preventing mollies from becoming the most abundant species in
the habitat.

Cyorinus cario

Several adult and young carp were observed in and about the study
area during all of the sampling rounds. These fish did not tolerate the
presence of people in the water and would move out of an area immediately
when we entered the water. They were not observed to return to the habitat
after the initial movement. Little direct observation was therefore
possible on their influence with the other species in the system. The fact
that it is an exotic and reproducing, suggests that it is competing for
both space and food resources.

Cichlasoma niarofasciatum

The convict cichlid was introduced into this system around 1964 and *
has expanded to become the most numerous and widespread of any fish
species. Their nesting behavior and aggressive protection of the young has
undoubtedly led to this success (Tables E-1 through 4). In June through
September, the study area supported an average of more than I nest per
square meter. Nests were not only vigorously defended against other
cichlids but against other species as well. Young of the year were
numerous during all collections and all size classes were represented in S
the population.

In general, the cichlids did not demonstrate a preference for a
particular habitat type, although the highest densities were usually in
shallow, calm water. The largest adults utilized very swift water in the
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mair channel on a regular basis, although many could still be observed in
the shallows. Cichiid schools were common during both months and would
usually contain a relatively uniform size distribution within a given
schooi. ;ish less than 21 millimeters in total lenqth were never observed
out of the nest. Fish laraer than this could be seen venturing a fair
distance but when disturbed, would immediately dive into the filamentous
algae beds. Current speeds did not appear to be a limiting factor in the
upstream distribution of cichlids. They were the most common species
observed in the habitat from the wooden bridge, upstream to the confluence
of Ash and Crystal Springs outflows.
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FOOD HABITS ANALYSIS 0

MATERIALS AND METHCODS

Food habits were determined 'or eight species of fish collected once
a month during summer, 1980 from four spring systems in Nevada. Fish were
collected as follows from Preston Big Spring: Rhinichthvs osculus velifer S --

(June through September), Crenichthys baileyi subso. (June through
September), and Catostomus (Pantosteus) clarki intermedius (June and
July); 3ig Spring at Lockes Ranch: Crenichthys nevadae (June througn
September); Ash Springs: Rhinichthys osculus velifer (June through
Aucust), 'ambusia affinis (September), Poecilia mexicana (June through
September), and Cichlasoma nigrofasciatum (June through September). In
addition, data from the files of J. E. Deacon on stomach contents of
Emoetrichtnvs latos latos collected from Manse Spring during 1961 to 1963
are Oresented.

Fish were preserved in 10% formalin, then transferred to alcohol
prior to examination. Standard length, total length, and intestine length S •
were measured To the nearest 0.1 mm with precision calipers for specimens
from Preston Big Spring and Big Spring at Lockes Ranch. These characters
were measured to the nearest 1 mm for specimens from Ash Soring.
Peritoneum color and intestine configuration were noted for specimens
examined. Intestinal contents from esophagus to anus were examined for all
species exceot Catostomus clarki intermedius for which the anterior
section of the intestine from the esoonagus to the end of the first
intestinal loop was analyzed. Determination of intestinal contents was
made with a 7X - zoom binocular microscope. Data from intestine contents
were divided into percent animal, percent plant, and percent detritus
comoonents. Detritus was defined as any inorganic material. Percent
frequency of occurrence, mean number per intestine, mean oercent volume,
and a value of relative imoortance was reoorted for each food. Percent
frequency of occurrence was defined as the number of intestinal samples in
which one or more of a aiven food item #as found, expressed as a
percentage of al nonemoty intestines examined (Windell and Bowen 1978).
The total number of a given food observed in the intestines, divided by
the number of nonemoty intestines examined, was the mean number oer
intestine. Mean percent volume was defined as the total volume estimated
for a given food divided by the number of nonemoty intestines examined.
Percent volumes were determined by separating the intestine into two or
more subsamol,= and visually estimating the percent contribution of a
given food in each sample. The percent contribution of each subsamole *o
the contents of the entire intestine was estimated so that the volume of a
given food relative to all intestinal contents could be determined. •
Percent frequency of occurrence, mean number per intestine, and mean
percent volume each contain a bias which limits their usefulness when used
separately (Windell and Bowen 1978). For example, percent frequency of
occurrence overemphasizes the imoortance of small food items that may be
ingested frequently but have a small impact on the volume of food in the
intestine, whereas the mean percent volume may overemphasize those foods •
which are large, but occur less frequently. To minimize these biases, an
index of relative importance (RI) is reported for each food. This index
combines the percent frecuency of occurrence and mean percent volume for
food "a" into an absolute imocrtance index (Ala) as follows:
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Ala = % frequency of occurrence + mean % volume

The absolute importance index is then used to calculate a relative
importance index as follows:

n
Ria = (100) Ala 2 Ala where a =1

i=1 ,:
here n is the number of different foods. Determination of Rla and Ala are
by methods modified from George and Hadley (1979).

Selectivity for a given food was determined by comparing the
abundance of the food in the intestines and in the habitat. This
selectivity is reported as an Index of Electivlty (E), defined by Ivlev S
(1961) as follows:

E x (ri-pi)/(ri+pi)

where ri is the percentage composition of a particular, food in the
intestine and pi is the percentage composition of a particular food in the S S
environment. The index has an absolute range of -1 to +1. Thus an
Electivity value of -1 represents a high negative selection, whereas a
value of +1 suggests high selectivity for a given food. A value of 0
indicates no selection but instead suggests feeding based on food
abundance in the environment. Values of pi and ri are percentaoes
determined from the numbers of invertebrates sampled in each case. The
value for pi is derived by combining all invertebrate samples at a given
spring.

In addition to determining selectivity by the Index of Electivity, . .
the Linear Index (L) of Strauss (1979) is presented and defined as

c follows:

L = ri-pi

wnere the components ri and pi are defined as in the Index of Electivity.
Some of the advantages of the Linear Index are as follows: (1) the index
is distributed approximately normally, (2) the measure takes on extreme
values only when a food is rare but consumed exclusively or is very
abundant and rarely consumed, (3) it is defined for all values of ri and
pi, and (4) the sampling variance is defined to allow statistical
comparison of two calculated values or to a null hypothesis value.

Invertebrate identification is based on Pennak (1978).

RESULTS AND DISCUSSION

Preston Bi Soring

The availability of potential foods within the habitat are given in
Figures F-1 through 4. Results of the food habits analyses for the three
species from Preston Big Spring are given in Figures F-5 through 14.
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Rhinichthvs osculus velifer

Speckled dace from Preston Big Spring were primarily carnivorous in
June, July and August, when animal matter comprised 57, 70, and 54 mean

percent volume, respectively (Figures F-5 through 7). However, durino

September, speckled dace were herbivorous, consuming large amounts of

diatoms and filamentous algae (Figure F-8). Plant material accounted for

59 mean percent volume of intestinal contents during September.

In June and July, when the speckled dace were carnivorous, Oxyethira,

a hydroptilid trichopteran, was a main food. The mean percent volume of
Oxyethira was 29 and 41 in June and July respectively, resulting in "
relative importance values of 19 and 32 (Table 1 and 2). In August, the

dace fed primarily on unidentified aquatic insects (RI = 21) and various
life-stages of Diptera, mostly chironmid larvae (Table 3). Indices of

selectivity (Table F-4) indicate that hydroptilids were selected for in
June and July (E = 0.58 and E = 0.60, respectively) but strongly selected

against in August (E = -1.00). Chironomids were selected for most strongly
during August (E = 1.00). In June, July, and August, olant material

contributed less than one-fourth of the mean percent volume in intestines

with filamentous algae comprising most of the plant material.

September showed a distinct change in the food habits of the speckled
dace examined (Table F-5). The herbivorous food habit observed in
September was dominated by ingestion of diatoms (RI = 27), which

contributed 41 mean percent volume, and filamentous algae (RI = 16), which

contributed 17 mean percent volume. Hydrozetes, a water mite, was the most
important animal food in September (RI = 13), occurring in 60 percent of
the intestines examined and contributing 4 mean percent volume. Oxvethira,

a major food in June and July, contributed 5 mean percent volume in

September. The main animal foods of August had small contributions to •

intestinal content in September.

The shift in food habits from carnivory in June, July, and August, to
herbivory in September, is coincidental with increased grazing by cattle
around the spring habitat prior to the September collection of fish.
Increased cattle grazing caused the disappearance of emergent vegetation S

along the edges of the Preston Big Spring habitat. The removal of emergent
vegetation stimulated diatom and filamentous algae growth by allowing

increased sunlight to reach the water. Field observations showed a
definite increase in the abundance of these plants in September. Loss of
emergent vegetation decreases the habitat av>: able to many aquatic
invertebrates, and therefore, may have simoultaneously decreased some S S

invertebrate population numbers. Oxyethira abundance was greatly depressed

in September because of emergence. Decrease of this important food may
have forced the change in food habits observed in Rhinichthys durinq
September.

The intestine length to standard length ratio was near 0.9 in

speckled dace from Preston Big Spring. An intestine length less than, or
equal to, standard length indicates a carnivorous feeding habit (Odum,
1970). These fish also lacked the black peritoneum associated with
herbivores, instead, possessing a silvery-colored peritoneum. These
characters are in contrast to the large volume of plant material consumed
during September and may be indicative of a lack of oreferred foods in
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0 reston Big Spring at that time.

Crenichthvs baileyi

The springfish from Preston Big Soring were omnivorous in June, when .. " .
plant material comprised 37 Percent of intestinal volume and animal matter
comprised 21 mean percent volume. In July, August, and September, the fish
were primarily herbivorous, consuming 58, 57, and 58 percent plant
material by volume, respectively (Figures F-9 through 12).

Filamentous algae (RI = 32) was the most important food in June,
contributing 24 mean percent volume and occurring in over 60 percent of
the intestines examined (Table F-6). Trichoptera were the most imDortant
animal food. Oxyethira larvae, comprising 9 percent intestinal volume, was
The most important Trichopteran (RI = 10). Data from Table F-4 on food
selectivity indicate Oxvethira is strongly selected for by C-enichthys in
June (E = 0.64, L = 0.69).

In July, 'ilamentous algae (RI = 42) was the most important food,
Contribu-ing 48 mean percent volume and occurring in all intestines
examined (Table F-7). Oxvethira was, once again, the most important animal
food, contributing 5 mean percent volume. Fish scales were of some
importance in July (RI = 6). Crenichtnys is aggressive, and it is possible
fo'- the fish scales to have been ingested from either the body of a dead
'is found in the bottom sediments or during a show of aggression toward
anotne- individual. Chironomids were also an important animal food in July 0 S

= 7). Indices of selectivity indicate that chironimids were selected
for and trichopterans were selected against by Crenichthys in July (E =
0.36, and E = -0.26, respectively).

7iiamentous algae and diatoms were of primary importance in August,

contributing 21 and 24 mean percent volume, respectively (Table F-B).
Higher plant was also a major food comprising 12 mean percent volume.
Oxvetnira contributed the largest mean percent volume of any animal food
in August, contributing 9 percent, but was ingested by only 10 percent of
the fish examined. Hydroptilids and chironomids were both selected for by
Crenicnthys in August (E = 0.89 and E = 0.69, respectively).

In September, Crenichthys consumed only 5 mean percent volume animal
matter, with insect eggs and Oxvethira the predominate animal foods (Table
F-) Filamentous algae was the most important food (RI = 36) occurring in

90 percent of the intestines examined and contributing 20 mean percent
volume. Amorphous plant material was the second most important food (RI
28). This food was very important to Catostomus. Crenichthys in September It
were the only other fish examined that ingested amorphous plant material.

The mean ratio of intestine length to standard length is slightly
greater than one, a value borderline between omnivory and carnivory (Odum,
1970). Peritoneum color in Crenichthys is jet black, a color correlated
with herbivorous feeding by Smith (1966). Food habit analysis suggests the
fish are primarily herbivorous.
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Ca~ostomus clarki intermedius S

Catostcmus from Preston Big Spring were herbivorous in all months
examined (Figures F-13 and 14). Plant material comprised 99 mean oercent --"
volume in June, and 89 mean percent volume in July. No animal matter was
ingested in either month.

In June, the most important food was amorphous plant material, with a
relative importance index of 84 (Table F-10). Filamentous algae (RI = 16)
was the only other food ingested, contributing ten percent intestinal
volume.

A slight increase in diversity of foods utilized was seen in July -
(Table F-11). Amorphous plant material (RI = 57) was the most important
food. This food was observed in all fish examined and comprised 64 mean
percent volume. Diatoms were also an important food (RI = 35),
contributing 21 mean percent volume. Diatoms were observed in 80 percent .
of the intestines examined. Filamentous algae and higher plants were each _
observed in small amounts in one fish resultina in a relative importance S
index of 4 for both foods.

The ratio of intestine length to standard length was aoproximately
5.5, indicating herbivory (Odum, 1970). The dark oeritoneum color observed
in Catostomus is also indicative of the herbivorous feeding habits of this
fish. 0 4

Indices of selectivity calculated for various animal foods further
exemplifies the strict herbivory of Catostomus (Table F-4).

Lockes Ranch Sorina

The availability of potential foods within the habitat is given in
Figures F-15 through 18. Results of the food habits analysis for the - . -.,
Railroad Valley springfish are given in Figures F-19 through 22. -

Crenichthys nevadae

The railroad Valley springfish was oredominately carnivorous in all
months. Animal foods comprised 54, 88, 68, and 65 mean percent volume in
June, July, August, and September, respectively (Figures F-19 through 22).
Plant material was important in June, contributing 26 mean percent volume,
in July, August, and September, however, only a small percentage of

intestinal volume was occupied by plant material.

Gastropods (RI = 32) were the most important foods in June,

comprising 54 percent intestinal volume (Table F-12). Ostracods (RI = 15)
and fish scales (RI = 11) were also important foods. most of the plant
material ingested by Crenichthys in June was filamentous algae, which had
a relative importance index of 23. Filamentous algae contributed 20 mean 0 0
percent volume. Indexes of selectivity indicate that gastrooods and
ostracods were selected for by sDringfish in June (E = 0.34 and E = 0.78,
respectively) (Table F-13).

In July, ostracods were the most important food (RI = 57). Ostracods
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were found in all intestines examined, comprising 83 mean intestinal
volume (TaDle F-14). There were an average of 401.8 ostracods per

intestine. Chironomid larvae (RI = 16) occurred in 50 percent of the
intestines examined, comprising 3 mean percent volume. Gastropods were not

a major food in July, occurring in ten percent of the intestines examined

and contributing only 2 mean percent volume. Filamentous algae was the 0
most important plant material ingested, contributing 4 mean percent

volume. Ostracods were highly selected for (E = 0.98), but chironomids

were selected against (E = -0.83) during July. No data was available on
the contribution of gastropods to the environment in July, so calculation

of a selectivity index was not possible for this food.

Ostracods were the most important food in August (RI 36),
comprising 43 mean percent volume (Table F-15). Amphipods and chironomid

larvae were also important foods, with relative importance indexes of 11
and 21, respectively. Filamentous algae was the primary plant material

ingested, contibuting 9 mean percent volume. An electivity index of 1.00

indicates that ostracods were a preferred food in August.

In September, ostracods continued to be of great importance (RI = 29)

contributing 26 mean percent volume (Table F-16). The Electivity Index

once again indicated high selection for this food. Hydrobiid snails (RI =

19) were also an important food, comprising 18 mean percent volume.
Filamentous algae was the most important plant material (RI = 18).

The ratio of intestine length to standard length was 1.3 for
Crenichthys nevadae examined, indicating omnivory (Odum, 1970). The

predominaTely carnivorous feeding behavior is in contrast with the black

peritoneum color observed. According to Smith (1966), a black peritoneum

corresponds with herbivory in catostomids. Other workers have expanded
this logic to other fishes. Perhaps the high temperatures in the habitat 0 •

sampled demands consumption of higher energy animal foods than would be
necessary at lower temperatures.

Shoshone North Pond

The availability of potential foods within the habitat are given in
Figures F-23 through 26. Results of the food habits analysis for the

Pahrump killifish collected from Manse Spring during 1961-1963 are given

in Table F-17.

Empetrichthys latos latos

The diet of the Pahrump killifish, In the now dry spring Do01 at
Manse Ranch, Pahrump Valley, Nevada, consisted primarily of a mixture of
insects, snails, and other invertebrate animals comprising 32 mean percent
volume (Figure F-27). A large percentage of the intestinal volume was

occupied by debris of a fibrous or gelatinous nature. Plant matter

* contributed only 2% to the mean intestinal volume. _ •

Insects were the most frequently eaten animal, contributing 26 mean

percent intestinal volume. Snails, including Physa and hydrobiids,

contributed 5 percent to intestinal volume (Table F-17). Eggs comprised 3
mean percent volume.
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Macroinvertebrate samples indicati that astrooods were abundant in
the littoral vegetation (63%) and bottom mud (50%) of Shoshone North Pond 1
in June (Figure F-23). Since snails were utilized by the killifish at
Manse Ranch, they probably constituted an important food source for this
species in Shoshone North Pond in June. The larger zooplankton are
probably also an important food source. The relative scarcity of copeDods
and cladocerans in the open water zooplankton (5%) and their relative
abundance (16%) within the algal mat community in June, strongly suggests
that these are eaten by killifish when they leave the algal mat community.
Macroinvertebrate samples taken in July, indicated a greater diversity of
macroinvertebrates than seen in June (Figure F-24). Chironomids and
ephemeropterans were probably important foods in July. In August, 0
Coleoptera were more abundant and were probably an important food (Figure
F-25). Gastropods, cladocerans, dipterans, and eohemeropterans were also
fairly abundant in August, and were therefore, probable foods. Odonates
were predominate in macroinvertebrate samples collected in September
(Figure F-25). Coleopterans and dipterans were also abundant and were
probably important foods. The Odonata of Shoshone North Pond are probably S
not an important food resource for killifish.

Outflow of Ash Spring

The availability of potential foods within the habitat are given in
Figures F-28 through 31. The results of food habits analyses for the
fishes inhabiting the outflow of Ash Spring are given in Figures F-32-43.

Rhinichthys osculus velifer

In all months for which intestines were examined, soeckled dace were
primarily carnivorous, with animal matter comprising 74, 64, and 73 mean
percent intestinal volume in June, July, and August, respectively (Figures
F-32 through 34). Plant material was normally an insignificant component
of the diet except, during July, when plants comprised 12 mean percent
volume.

Chironomid larvae were the most important food in June (R1 a 41) and
July (RI = 20), and the second most important food in August (RI = 16)
(Tables F-18 through 20). Trichoptera were the primary food in August,
accounting for 40 mean percent volume. All of the Trichoptera observed in
August were hydroptilid larvae. Oxyethira (RI = 5) comprised approximately
15% of the hydroptilid larvae observed in intestines during August, S
contributing 6 percent to the total intestinal volume. Other hydroptilid
larvae (RI a 38) contributed 34 percent to the total intestinal volume
(Table F-20). Trichoptera were of less importance in June and July,
contributing 8 and 5 mean percent volume, resoectively. Chironomids were
highly selected for in June and August (E a 0.88 and E = 1.00,
respectively) (Table F-21). In July, the Electivity Index indicates that
chironomids were sligntly selected against (E = -0.07), despite the fact
that chironomid larvae were the most important food. The apparent
discrepancy can be explained by the fact that ri is based upon mean
numbers per intestine, and in July, the dace consL'- d many individuals of
an unidentified first instar larvae (not chironomid), which stronaly
influenced the calculation of electivity.
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The dace also fed on adul * terrestrial insects found in the drift.

Tris was especially evident in July, when terrestrial insects and spiders

accounted for 33 percent of intestinal volume. Visual observations at Ash

Spring also indicated that speckled dace often fed on drift organisms.

Very little plant material was observed in intestines of speckled - !

dace. During June, SDirogyra was the only plant present in intestines,

accounting for only 2 mean percent volume. Soiroavra and CoMnosopoon

comprised 9 mean percent volume of intestines in July, when plant material

comprised 12 mean percent volume of intestines, the hiohest value reported

for any month. During August, plants accounted for only 4 mean percent

volume of speckled dace intestinal contents.

The mean ratio of intestine length to standard length was less than

one in all speckled dace examined, indicating carnivory (Odum, 1970). The

peritoneum had a mottled black color. This color was not as intense as the

black peritoneum of Crenichthvs. Catostomus or Poecilia examined.

Gambusia affinis

The diet of mosQuitofish, Gambusia affinis, is almost entirely

composed of animal matter (97 mean percent volume) with small amounts of

deoris. Mosquitofish feed heavily upon moderately large adult insects (RI
= 39) (Table F-22), which are probably found in the surface drift. Most

organisms examined from the guts were highly masticated, which precluded a
more detailed identification. Formicid and chironomid adults were also fed

upon, further suggesting surface feeding by this species. Field

observations indicate mosquitofish are surface-dwellers near the stream

margins, and the dorsally oriented mouth again relates to a surface

feeding strategy.

Substrate feeding, as evidenced by the rare occurrence of a snail,

Melanoides tuberculatus, in the stomachs of mosauitofish, is minimal. It

appears that negative selection for this snail is occurring in the

habitat. A few other types of insect larvae were also consumed.

The mean ratio of intestine length to standard length for

mosouitofish is 0.71. This value falls into Odums (1970) category of less
than 1.0, which suggests carnivorous feeding.

Ooecilia mexicana

In all months for which intestinal contents were examined, shortfin

mollies were herbivorous. Observed foods included SDiroovra, Oedoconium,

ComDSoDoqon, Lyngbya, and an unidentified filamentous alga (Figures T-36

through 39). In June, July, and September, SDiroqyra was the primary food,

contributing 36, 27, and 20 mean percent volume, respectively (Table F-23,

24 and 26). Soirogyra contributed 15 mean percent volume in Auoust, when

it was the second most important food (RI = 44) (Table F-25). The mollies
ingested primarily Oedoaonium (RI 48) in August, with this food

contributing 26 mean percent volume. Oedoconium was utilized in September

i n small amounts (one mean percent volume). -omosopoaon and an
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unidentlfied filamentous alga were also ingested during August in small
amounts, Doth contributing less than one mean percent volime. In June,
Comoscoogon was also lightly utilized (one mean percent volume). During
Seotemoer, shortfin mollies consumed Lyngbya, and an unidentified
filamentous alga, as well as the Spiroyr and Oedoqonium mentioned above.

Detritus was a major component of intestinal contents in all samples,
constituting 63 mean percent volume in June, 73 in July, 58 in August, and
77 in September. The detritus was probably accidentally ingested by
shortfin mollies while they fed on algal mats covering bottom sediments.

All animal foods for which selectivity indices were calculated, 0
snowed that shortfin mollies selected against animal foods (Table F-21).

In all specimens examined, the mean ratio of intestine length to
standard length exceeded three. This ratio indicates herbivory (Odum,
1970). These fish possess a black peritoneum, a characteristic associated
with herbivory in some fishes (Smith, 1966).

Cichlasoma ni rofasciatum

In June, the cichlids were primarily carnivorous, with animal mat-1,er
occurring in 90 percent of the intestines examined and contributing 68%
volume. Chironomid larvae (RI = 27) were of primary importance, with a
mean percent volume of 51% (Table F-27). Furthermore, selectivity indices
givei in Table F-21 suggest that chironomid larvae are highly selected for
by cichlids (E = 0.87, L = 0.79). Hydroptilidae were also highly selected
(E = 1.00, L = 0.13). This trichopteran comprised S mean percent volume.

Cichlids were predominately herbivorous in July. Plants occurred in
all intestines examined, averaging 60% of intestinal volume. Spironyra (RI
: 27) occurred in 100% of the intestines examined, contributing 15' volume
(Table 7-2S). Chironomid larvae were ingested by all fish examined and
were the most imoortant animal food (RI = 19) with an average of 17.8
larvae per intestine, contributing 11% volume. Indices of selectivity
indicate that chironomids were selected for in July, but with less 0
intensity than in June (E = 0.50, L = 0.44).

In August, the fish consumed primarily chironomid larvae (40 mean
percent volume) and Trichoptera (21 mean percent volume) (Figure F-42).
The relative importance of Oxyethira (RI = 15) indicates that it was a
heavily utilized hydroptilid trichopteran (Table F-29). 3oth chironomids S S
and hydroptilids were highly selected for in August (E = 1.00, L = 0.56
and E = 1.00, L = 0.39, respectively).

September data indicated that the cichlids fed about equally on
animal matter, plant matter, and detritus (Figure F-43). Soiroavra and
Trichoptera contributed the largest percent volumes, 23 and 18, •
resoectively (Table F-30). Chironomid larvae were also imoortant,
contributing 9 oercent volume. Cichlids, once again, selected for both
chironcmids and hydroptilids (E = 0.12, L = 0.08 and E = 0.71, L = 0.39,
respectively).

In June and August, the only months for which abundance in the
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environment was determined, cichlids selected against Melanoides. This
snail was the predominate item in samples of the habitat during June and
August. For both months, the Electivity Index was -1.00. The Linear index
was -0.91 and -0.94 in June and August, respectively.

The mean ratio of intestine length to standard length for Cichlasoma
niorofasciatum was 1.2. This indicates a feeding habit, borderline between
carnivory and omnivory (Odum, 1970). The fish examined had a black
peritoneum, a condition indicative of herbivory in some fishes (Smith,
1966). Intestinal contents indicate that the cichlids In Ash Spring were
variable in their food habits and usually were omnivorous.
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I
IMPACTS AND MANAGEMENT NEEDS

Until specific construction sites are selected, specified actions
proposed, and specific influences on aquatic habitats predicted, it will be
impossible to assess direct impacts of proposed actions. Nevertheless, at I S
this time, it is possible to discuss some probable impacts and make
general recommendations for minimizing or avoiding adverse impacts on
sensitive aquatic habitats within the proposed M X deployment area.
Aquatic habitats in the area depend on uninterrupted groundwater flows
rather than surface runoff. Therefore, pumpinq of groundwater in the
aquifer supplying a spring, either upflow or downflow from the spring
source, can reduce the flow of the spring and may adversely affect the
biota of the spring and its outflow.

In central and southern Nevada several types of aquifers exist
Mifflin, 1968; Winograd and Thordarson, 1975 ). Some of these are I S

intrabasin aquifers while others are interbasin aquifers. Indentification
of the types and locations of these aquifers before the pumpinq of
groundwater in the M X deployment area is of extreme importance. Winograd
and Thordarson (1975) found interbasin transport via the lower carbonate
aquifer through Yucca Flats, Frenchman Flats, Oasis Valley, Ash Meadows to
Death Valley. This lower carbonate aquifer is at least 4,500 square miles I S
in area and is located in a minimum of ten intermontane basins. Springs
discharging from this system provide habitats for endemic fauna throughout
portions of Nevada and California, including the M X deployment area.
Management of these aquifers is of great importance in providing for
continued existence of these springs.

Permits in Nevada may be issued to allow pumping of groundwater, even
:f reduction or cessation of spring flow is a likely consequence of such
pumping. This is true because some lowering of the water table is
considered to be a normal and even sometimes a desirable consequence of
utilization of groundwater resources. Pumping is not normally oermitted
in excess of annual recharge, but good water management may involve some
lowering of the water table and dryina up of springs as a means of
lowering the amount of evapotranspiration. To avoid the adverse imoacI
rnat would result from reduction or cessation of soring flows it is
necessary to refrain from utilization of ground water resources in a way
that would affect spring flows.

Construction activities, can also directly alter spring sources and
their outflows. Avoidance of adverse impacts resulting from construction
activities requires that these activities be kept away from aquatic
habitats. Such things as filling tank trucks from natural open water
areas, locations of temporary construction camps near spring sources,
alteration of outflow channels, and similar activities can have profound
and lasting adverse effects on natural aquatic habitats.

Our studies to date have demonstrated that indirect impacts of ' X
construction on aquatic habitats in Nevada are likely to be considerably *
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more profound and Dermanent than are the primary imiacts of const-u-tion.
This, of course, assumes that construction will deliberately ':void
irreparable damage. Deacon et al. (1964), Hubbs and Deacon (1964) and
Deacon (1979) have demonstrated that people tend to move aquarium fish
into Nevada springs to the marked detriment of the native fauna. Thisproblem is certain to be compounded as public use of aquatic habitats

increases.

This study has shown that the introduced Oriental snail, Melanoides
tuberculatus, occurs in the outflow of Ash Spring in great abundance.
Tnis Oriental snail, as is true of the exotic fishes, was apparently
introduced by an aquarist. Melanoides tuberculatus affects native aquatic
organisms, either by its opportunistic feeding behavior or by its physical
disturbance of substrates, including dislodging eggs. The magnitude and
mechanics of these effects are not well known or documented. In the
outflow of Ash Spring, other species of native snails formerly occurring
there have been eliminated, and other macroinvertebrates have probably
been severely reduced by this introduced aquarium snail. This Oriental
snail also has a very thick shell and grows to a relatively large size,
which results in its lack of value as a fish food organism. The
consequence appears to be that M. tuberculatus significantly reduces
availability of fish food organisms in environments occupied by !t. This
results in significant reductions in fish populations dependent on
organisms replaced by M. tuberculatus. The Droblem is certain to be
compounded by the inevitable increase in public use of these aquatic
habitats that will accompany M X construction and operation.

Partial mitigation of problems associated with introduction of exotic
species is probably possible only by the establishment of ecological
preserves encompassing large representative habitats. These preserves
would require limited public access and continuous management in order to
successfully accomplish the purpose of maintaining the natural integrity
of representative desert aquatic environments. Additional mitigation to
reduce the impact of increased population includes a continuing Dublic
education program, a conservation education program in the public schools,
U.S.A.F. personnel orientation programs, and general meetings in the M X
missile impact area. -hese measures, of course, can only be expected to
somewhat reduce the adverse impacts.

S

At Preston Big Spring, we have determined that the White River
spinedace, formerly a common species at this location, has disappeared
from the fauna. The species still occurs in other waters in White River
Valley. In addition, the White River desert sucker is apparently much
less common than formerly expected. This appears to have resulted from an
irrigation and domestic water project which left the spring source and
about a mile of the outflow unaltered before funneling all of the water -

into an underground pipe for distribution. We suspec+ that isolatinc the
spinedace and desert sucker subOODulations from their normal
communications with other subDopulations in the drainage led to some kind
of interruption of the normal life cycle patterns which resulted in
extirpation of the reston Big Spring opulaion of White River SDinetace
and severe reduction of the Preston Big Spring PoPulation of the White
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River desert sucker. This experience indicates that manipulation of
spring flows, even when substantial segments are left undisturbed, can
have very significant adverse consequences for the species occuring in the
protected area. Therefore, it is clear that if mitigation of adverse
impacts and creation of ecological preserves are contemplated, the size of
the preserve and opportunities for communication of the populations in the
proposed preserve as well as the detailed life history of the species of
concern must be given very careful consideration. White (1979), in
discussing strategies for the preservation of rare animals, clearly
demonstrates the advantages of large continuous habitats over smaller
discontinuous habitats. The loss of the White River spinedace from
Preston Big Spring illustrates the significance of this principle for
maintenance of viable populations in desert aquatic habitats in Nevada.

Frequently, it is suggested that transplanting an endangered or rare

species into another habitat removed from the area of impact is a viable
method of mitigating an adverse impact. In fact, it appears at first that
this strategy, employed at Shoshone Ponds where the Pahrump killifish
exists, has succeeded. In reality, it has not. Success of this strategy
Oill come only if the population being temporarily maintained in Shoshone
North ond can be used to reestablish the species within its original
range. We specifically recommend that transplanting not be considered a
viable mitigation strategy. A species exists as a functioning part of an
ecosystem. Removing it from the ecosystem within which it evolved
subjects the species to a new set of selective pressures. For
transplanted species, these selective pressures, while not fully
understood by man, are nevertheless chosen by man. The outcome,
therefore, is not to save the species, but rather to alter it in
incompletely understood ways. The species is an integral part of the
ecosystem in which it exists. Thus, mitigation measures can only be
considered successful insofar as they permit a species to continue its
existence in its natural habitat. Transplanting is a technique to be used
as a temporary means of maintaining a population or a species until it can
be returned to its natural habitat.

In summary, we recommend that direct adverse impacts of the M X
missile system on aquatic habitats in Nevada be avoided by selecting areas
where pumping of groundwater and construction activities will not
influence important aquatic habitats. Secondary impacts, such as exotic
species introduction, cannot be avoided and will be severe. Some *
mitigation is oossible by public education programs and by establishing a
series of relatively large refuge areas representative of desert aquatic
habitats in Nevada.
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ESEARCH DIRECTIONS

In order to develop an approximate understandina of any ecosystem,
information must be obtained at intervals throughout an entire year. A
detailed and reasonably reliable understanding requires several years of
investigation involving continuous refinement of the investigation. In
general, we believe the level of understandinn necessary to do a
reasonably valid assessment of environmental conseqiences of MX missile
construction and deployment requires at least one additional year of less
frequent data collection at more locations. This effort must then be
followed by site-specific investigations as specific deployment locations
are identified.

Preston Big Spring contains a diverse native fish fauna as well as a
diverse invertebrate fauna. Both show important changes seasonally. We
recommend continuing an intensive effort toward understanding ecosystem
dynamics at Preston Big Spring. Essentially, the data collection scheme
currently in use should be retained but collection frequency should be
bimonthly rather than monthly.

At Lockes Ranch, few changes are evident in biological populations
living in the main study area. Considerable diversity and seasonal
variability is evident, however, in lateral or downstream areas,
especially where Utricularia is dominant. These areas also are heavily
utilized as spawning beds by Railroad Valley springfish. Bimonthly
samplinn of invertebrate populations in these Utricularia beds is
recommended. The full sampling program at Lockes Ranch Sprinq should be
done quarterly.

Shoshone Ponds show marked seasonal changes in the invertebrate
populations. The fish, on the other hand, probably fluctuate more slowly.
We suggest that invertebrates be sampled bimonthly but that fish should be
followed only quarterly. Sampling should include all three ponds. Here the
data will be especially useful in determining the differences between
invertebrate populations in temporary or artificial habitats with and
without fish predators.

At Burns Ranch, in the outflow from Ash Spring, the invertebrate
populations are dominated by Melanoides, diversity is low and seasonal
changes are minimal. The fish population, however, undergoes significant
seasonal changes. We, therefore, recommend quarterly sampling of the
invertebrate population but bimonthly sampling of the fish population.

The changes in sampling recommended above should permit consideration

of increasing the number of habitats from which biological data can be
developed. We recommend the addition of four localities from which
biological data is taken quarterly. In addition, survey work to determine
the status of molluscan and fish populations throughout the deployment
area should be undertaken. It aPPears that molluscan surveys are
especially important for SteDtoe, Snake and Monitor Valleys. Status of
fish pooulations in many waters within the deployment area is relativelv
well known, however, many specific localities have either never been
samo0ed or have not been sampled for several decades.

we believe the Dresent, modified data collection system is
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appropriate with minor further modifications. Oetermination of dens>"y an'i
.istribution of fish eggs in all habitats could add extremely usefj! data
on spawning habitats. These data also may be usefullv adapted To our
efforts at analyzing weighted usable area at different flow regimes.
Therefore, we recommend addition of an examination of the distribution ani •
density of fish eggs during January through Septemoer in each habitat.

Due to the nitrate situation at Lockes Ranch Spring and Preston 3ig
Soring, further investigations should include a more extensive nitrate
sampling program. This will aid in understanding tne variability of the
initial nitrate results. 0

At this point we have good information for four habitats during
summer, 1980. In order to understand seasonal changes, it is especially
important to continue the sampling program through the winter and spring.
Additional samoling in summer 1981 would provide some idea of annuai
variations that can be expected in the habitats sampled.

in summary, we recommend continuina the samplina orogram to Drovide
information from several habitats throughout the course of a year,
allowing some time overlap in the samoling to provide some insicht into
annual as well as seasonal variation. Special effort at some locations can
and should be directed toward identifying spawning habitat. Surveys of the
status of molluscan and fisn populations must be done. Addi'ionai 0 0
information on concentration and variabi'ity of nitrate at Lockes Ranch
Spring and Preston Big Spring should be deve!coed.

* 0

0 0
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APPENDIX A

SPECIFIC AOUATIC SYSTEMS CONTAINING ENDEMIC FAUNA
IN EAST-CENTRAL NEVADA

Endemic fish and mollusks constitute a majority of the unique aquatic
fauna in east-central Nevada. Most of the endemic fish populations have been
ascertained through the work of J. E. Deacon, T. Hardy, C. Hubbs, I. La Rivers,
and R. R. Miller, but molluscan and other invertebrate inventories are not -

complete. A list of known specific aquatic ecosystems within the study basins
is presented in Table A-i. Fish (F), limited molluscan (M), and other * S
invertebrate (I) data are presented. These ecosystems should be avoided both
directly and indirectly during MX construction and deployment.. Additional
fish information from other basins can be obtained from Hubbs et al. (1974),
La Rivers (1962), Hardy (1980a), and Deacon (1979). All available freshwater
molluscan information is presented from adjacent basins.

5 5
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* 0
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Table A-I.. List of Sensitive Aquatic Ecosystems in East-Central Nevada

White River Valley

Preston Big Spring T12N-R61E-S2 F Im
Cold Spring T12N-R61E-S12 F M ?
N ~icholas Spring T12N-R61E-S12 F M ?
Arnoldson Spring T12N-R61E-S2 F M ?
Preston Town Spring T12N-R61E-S12 F M
Indian Spring T12N-R61E-S2 F M ?
Lund Town Spring T11N-R61E-S34 F M
Unnamed Spring T11N-R62E-S21 M

EMoorman [Mormon] Spring T9N-R61E-S32 F M
Hardy Springs T9N-R61E-S13 F M
Ernmigrant Springs T9N-R62E-S19 F M
Flag Springs -rN-R62E-S33 F M
Butterfield Springs Tr7N-R62E-S28 F M
Hot Creek Spring T6N-R61E-S18 F M
Moon Ranch Spring T6N-R6OE-S25 F M ?

* Railroad Valley

Lockes Big Spring TSN-R55E-515 F M I
Chirniney Spring T7N-R55E-S16* F
Corral Spring Tr7N-R55E-S15 F M
North Spring T7N-R55E-516 F M
Reynolds 1, 2 Springs T7N-R55E-515 F M
Unnamed Spring T8PI-R57E-S! M
Butterfield Spring T8N-RS'7E-S27 F 4
glue Eagle Spring T8N-R57E-S11 F
Bull Creek Springs T14N-R57E F M ?
'Little Warm Spring T12N-R56E-S5 F M
Big Warn Spring T13N-R56E-S32 F M
Duckwater Spri ngs T12.N-R56E-S5 F M
Currant Springs 711N-R57E-SI. M

Spring Valley

Shoshone Ponds T12N-R65E-S2* F
Swallow (Shoshone)

Ranch Springs T12N-R65E-S36 M
Grey Spring T16N-R67E-S32 M
Unnamed Spring T16N-R67E-S32 M

*Unnamed Spring T16N-R67E-S20 M
Keegan Ranch Springs T18N-R66E-SI2 F
Spring Valley Creek T23N-R66E-S31 F
Stone House Springs T22N-R66E-S17 F

(contlnued)
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Table A-!. (continued)

Pahranaaat Valley

Ash Spring T6S-R6OE-S1 F M I
Crystal Springs T5S-R6OE-S1O F M
Hiko Spring T4S-R6OE-S14 M
Unnamed Spring T8S-R62E-S32* F

Steotoe Valley

Upper Scheilbourne Springs T22N-R65E-S5 M
Cardano Ranch Springs T25N-R64E-S5 F
Steptoe Ranch Springs T19N-R63E-S5 F M
Grass Springs T19N-R63E-S20 F M
Dairy Ranch Spring TI.8N-R64E-S20 F
Ruth Pond T16N-R62E-S3 F

*Introduced native fauna 0

555



Other basins in east-central Nevada are known to have unique aquatic
species, mainly fish and mollusks. Unlike fish, the mollusks are unknown 0
and/or unpublished. Other unique molluscan occurences include the following:

Kershaw-Ryan State Recreation Springs (T4S-R67E-S19)
Panaca Big Spring (T2S-R68E-S4)
Ruby and Butte Valleys
Moapa (Muddy) River Valley (Landye, 1973)

0
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APPENDIX B

HABITAT MORPHOMETRY OF SELECTED SPRING HABITATS IN EAST-CENTRAL NEVADA

Tables are provided for each spring system indicating the species
composition of the aquatic macrophyte and riparian zones. Maps and photos
are also provided that delineate the habitat structure and distribution
of the resoective vegetation zones. Cross-sections of the habitats are
aiven to show channel development.

5 5

5* S



lable 3-1. List of plants. Identified from samples collected at all
*springs - June thru September, 1980. P =Preston Big

Spring, L = Lockes Ranch Spring, S =Shoshone North Pond,

A =Outflow of Ash Spring

OccurrenceSpecies NameComnNe
Commo NameAt Springs

Apiaceae
Hydrocotyle sp. Water-pennywort A 0.

Asci epiadaceae
Asclepias speciosa Torr. Milkweed P

As teraceae
Artemisia tridentata Big Sagebrush P
Cirsiui mohavense (Greene) Petrak Thistle L,P
Grinde ia scuarrosa (Pursh.) Dunal Gum-plant L
Solidago confinus Gray Goldenrod L
Sonchus asoer (L.) Hill. Sowthistle L

Brassicaceae
R nasturtium-acuaticum (L.)

chinz. & The]]. 'dater-cress P

Chenopodiaceae
Nitroohila occidentalis (Iutt.) Moq. A

C Cyperaceae
Carex sp. Sedge S
ETleocnaris carishii Britton Spikerush SL,P,A
Fimnri stvi 4 L
Scirous americanus Pers. Olney Threesquare S,L,P

* Gentianaceae
Centarium exaltatum (Griseb.)

'o. Wright Great Basin Centaury L

2uncaceae
Juncus so. Rush S,L,P

1Lamiaceae
_______ .* veisis L. Mint P

Na2 adaceae
______rar . Naiad A

* 1eaceae

r . czor ia Ee a -,,qa s . R Ash A

cnag'aceae
E~oiojm c:liatrn ?af. Willow-herb P

(conti nuea)
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Table B-i. (continued)

At Springs

P1 antagi naceae
Plantaao major L. Commron Plantain P

Poaceae
Distichlis soicata (L.) Greene Salt Grass A,S
Polyoon monsoeliensis CL.) Desf. Rabbitfoot Grass P

Rosaceae
Potentilla anserina L. Cinquefoil S,P

Sal icaceae
Salix sp. Willow A,P

Saxi fragaceae
Ribes sp. Current P

Sauraceae
Anemoosis californica (Nutt.)

Hook. & Arn. Yerba Mansa L,A

Schropr'ulariaceae
Castllaja sp. Paintbrush L

Miuus quttatus Fisch. ex DC. Monkey Flower PS
Penstemon palmei Gray Palmer's Pensternon P
Veronic anaaallis-aauatic L. Speedwell PS

Vi taceae
Vitis california Benth. California Grape A

Lenti bul ariaceae
Utricularia vulgaris L. Bladderwort L
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Figure B3. Channel developmnent at Preston Fig Soring.
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I Figure 9-.1. Ch"annel development 3t Preston Big Soring.
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Figure 3-6. Channel develocrrent at Lockes Ranch.
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igure B-7. Channel develoome,' at Lockes 
Ranch.
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Ficure 5-9. Three crcss-sectional transects at Shcshone North Pond.
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ricure B-!:. Channel develmomert at the outflow of Ash Spring. - O
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APPENDIX C

Raw data tables for invertebrate collections from all springs,
June through September. Tables are organized by spring, then date, then
habitat type. If there were no animals collected in a sample or if
the sample was inadequately preserved, this is indicated in the table.
For multiple replicate data sets total counts are presented by replicate 0
and by species. All species are orcanized within the tables by the
taxonomnic heirarchy presented in dmondson, 1959, although current
nomenclature was used (eg: Onidaria rather than Coelenterata). The number
Zcllo.ing each taxon was assigned for computer identification when the taxon
was origionally identified. This number can be used to refer back to the
prior Craft reports. 0
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T7 APPENDIX E

Tables and figures associated with fish
population analysis at Preston Big, Lockes Ranch,
Shoshone North Pond, and the outflow of Ash springs,
June through September, 1980.
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Appendix F

Tables and Figures associated with food availability
and food preference patterns for all species studied at .
each particular sample site.
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Table F-i. Results of food habits from 11 intestines of Rhinichthys

osculus collected from Preston Big Spring during June,
1980. Mean total length (TL) of fish examined = 49.2 mm.

% Frequency Mean Number Mean
Food of Occurrence per Occurrence Volume RI

Algae
Filamentous algae 72.7 14 18
Diatoms 45.5 8 11

Ephemeroptera
Unidentified larvae 9.1 0.3 3 3 S
Unidentified adult 9.1 0.2 <1 2

Odonata
Zygopter
Coenagrionidae

larvae 9.1 0.1 1 2
Anisoptera larvae 9.1 0.1 < 1 2

Trichoptera
Hydroptil idae

Oxyethira larvae 63.6 9.0 29 19
Hydrootila adult 45.5 1.6 6 11

Unidentified adult 18.2 0.5 14 6

0iptera
Chironomidae larvae 54.5 2.5 4 12
Unidentified adult 9.1 0.1 < 1 2

Insect eggs 9.1 1 2

Other Insecta 9.1 0.1 2 2

Acari na
Hydrozetes 9.1 0.1 < 1 2 _

Libertia 9.1 0.1 < 1 2

Gastropoda
Ancylidae 9.1 0.1 < 1 2

iAmphipod 9.1 0.2 < 1 2

etritus
Gravel 9.1 2
Debris 63.6 10
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Table F-2. Results of food habits from 10 intestines of Rhijnjhhs 1
osculus collected from Preston Big Spring durngJuly,
T9-SMean total length (TL) of fish examined = 42.3 mmn.

%Frequency Mean Number Mean

Food Of Occurrence per Intestine Volume RI

Al gae
Filamentous algae 50 7 14
Diatoms 10 < 1 2

Macrophyte 10 < 1 2 -

Plant seed 20 3 6

Amorphous plant,
material 10 4 3

Odonata
Coenagrionidae 10 0.1 5 40

Tn choptera
Hydroptil1 i dae

Oxvethira larvae 90 22.2 41 32
Unioentified pupae 10 0.1 1 3

Diptera
Chironomidae larvae 30 1.4 6 9

Unidentified aquatic
insects 30 12 10

Gastroooda
Fluminicula oDerculum 20 0.2 2 6

Copepod 10 0.1 ( 0.1 3

Fish scales 20 0.8 3 6

Detritus
Gravel 10 5
Debris 60 10

623
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Table F-3. Results of Food habits from 10 intestines of Rhinichtnys
osculus collected from Preston Big Spring during August,
T9T8.Mean. total length (T.) of fish examined = 37.7 mm.

0 Frequency Mean Number Mean ;
Food of Occurrence per Intestine Volume RI

Algae -
Filamentous algae 40 7 14
Diatoms 20 2 6

Plant seed 20 4 7

Amorphous plant 1 S
material 10 1 3

Hemiptera
Veliidae 10 0.2 2 3

Trichoptera 0

Unidentified pupae 10 0.1 1 3

Col eoptera
Staphylinidae adult 10 0.1 1 3
Unidentified larvae 10 0.1 < 1 3

Diptera
Chironomidae larvae 30 0.4 6 10
Unidentified adult 10 0.1 3 4

Unidentified aquatic
insects 50 24 21

Unidentified terrestrial
insects 10 <1 3

Acari na
Hvdrozetes 30 0.6 8 11

Gas tropoda
Fluminicula ocerculum 20 0.3 9 3

Detritus
Gravel 10 4
Debris 60 28
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Table F-5. Results of food habits from 10 intestines of Rhinichthvs
osculus collected from Preston Big Spring during September,
1980. Mean total length (TL) of fish examined = 37.0 mm.

Frequency Mean Number Mean
Food of Occurrence per Intestine Volume RI

Algae
Filamentous algae 60 17 16
Diatoms 90 41 27

Plant seed 10 2

Collemoola 10 0.3 2 2

Odonata
Coenagrionidae 10 0.2 1 2

Thysanoptera 10 0.1 < 1 2

Trichoptera
Hydrootil idae
Oxvethira larvae 30 1.0 5 7

Unidentified larvae 10 0.1 1 2

Diotera
Chironomidae larvae 30 1.0 1 6
Unidentified adult 10 0.1 4 3

Unidentified aquatic
insects 10 1 2

Acarina
Hydrozetes 60 1.8 4 13

Gastropoda
Unidentified snail 10 0.1 < 1 2
Fluminicula operculum 20 0.3 2 5 _-

Cladocera 10 0.3 < 1 2

Copepod 10 0.1 <0.1 2

Ostracod 20 0.3 1 4

Detritus
Gravel 20 l
Debris 100 16

6 2
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iaole F-6. Results of food habits from 11 intestines of Crenichthys
baileyi collected from Preston Big Spring during June,
1980. Mean total length (TL) of fish examined = 43.4 mm.

9- .

% Frequency Mean Number Mean 1
Pood of Occurrence per Intestine Volume RI

Al gae 0
Filamentous algae 63.6 24 32 '
Diatoms 27.3 5 12

Aauatic macro. hyte 27.3 5 12 -

Plant seed 18.2 4 8

Trichoptera
Hydroptil idae

Oxyethira larvae 18.2 4.6 9 10
HYd a adult 18.2 0.2 6 9

Coleoptera adult 9.1 0.1 3 4

Diptera
Chironomidae larvae 18.2 0.4 2 7

Acarina b -
Hvdrozetes 9.1 0.1 1 4
Libertia 9.1 0.1 (1 3

Detritus
Gravel 27.3 2
Oebris 90.9 41

44
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Table F-7. Results of food habits from 10 intestines of Orenicnthvs
baileyi collected from Preston Big Spring during July,
1980. Mean total length (TL) of fish examined = 38.2 nn.

% Frequency Mean Number Mean %
Food of Occurrence per Intestine Volume RI

Algae 0
Filamentous algae 100 48 42
Diatoms 30 6 10

Higher plant 20 4 7

Tricnootera S
Hydropti 1 i dae
Oxvethira larvae 30 0.3 3 9
Oxvetnira pupae 10 0.2 2 3

Coleoptera adult 20 0.2 3 7

Diotera
Chironomidae larvae 20 2.3 6 7

Acarina 10 0.1 <1 3

Ostracod 10 0.1 < 1 3 *

Snail operculum 10 0.3 <1 3

Fish scale 20 0.4 1 6

Detritus *
Gravel 10 1
Debris 90 25

* 0
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Table F-8. Results of food habits from 10 intestines of Crenichthys
baileyi collected from Preston Big Spring during August,
1980. Mean total length (TL) of fish examined = 32.7 ,.

% Frequency Mean Number Mean %Food of Occurrence per Intestine Volume RI

Algae 0
Filamentous algae 60 21 23
Diatoms 70 24 27

Higher plant 50 12 18

Tri chootera •
Hydroptilidae

1xyethira l0 3.3

Diptera
Chimrnomidae lar'ae 0 0.4 7 8

* 5Lnsecta eggs 50 3 15

Ostracod 10 0.1 1 3

Detritus 80 23

* o]

I,-4
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Table F-9. Results of food habits from 10 intestines of Crenichthys
baleyi collected from Preston Big Spring during September,
1980. Mean total length (TL) of fish examined = 41.6 mm.

Frequency Mean Number Mean
Food of Occurrence per Intestine Volume RI

Algae
Filamentous algae 90 20 36
Diatoms 10 2 4

Higher plant 20 10 10

Amorphous plant 60 26 28

Tri choptera
Hydroptil idae

Oxyethira 10 0.1 2 4

insect egg 20 3 8

Acarina 20 0.3 <1 7

Amphipod 10 0.1 <0.1 3

Detri tus
Gravel 30 6
Debris 80 32

6 -

* -
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Table F-l0. Results of food habits from 10 intestines of Catostomus
clarki samoled from Preston Big Spring, during June,
1980. Mean total length (TL) of fish sampled = 174.2 mm.

% Frequency Mean Number Mean %
Food* of Occurrence per Intestine Volume RI

Filamentous Algae 25.0 10 16 i

Amorphous Plant
Material 100.00 89 84

Detritus 12.8 1

*Two fish sampled had empty intestines

Table F-1l. Results of food habits from 10 intestines of Catostomus
clarki sampled from Preston Big Spring during July, -

1980. Mean total length (TL) of fish sampled = 205.0 mm.

Frequency Mean Number Mean *0"
Food of Occurrence Per Intestine Volume RI

Filamentous algae 10 2 4
O0

Diatoms 80 21 35

Higher Plant 10 2 4

Amorphous Plant
Material 100 64 57

Detri tus
Gravel 20 2
Debris 20 11

*
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Taole F-12. Results of food habits from 8 intestines of Crenichthys
nevadae collected from Big Spring at Lockes Ranch curing
June, 1980. Mean total length (TL) of fish examined =
45.7 rm.

% Frequency Mean Number Mean
Food of Occurrence per Intestine Volume RI

Algae 0
Filamentous algae 62.5 20 23

Macro phyte
Aquatic 12.5 1 4
Terrestrial 25.0 3 8

Plant seed 12.5 1 4

Gastroooda 62.5 12.8 54 32

Amphipod 12.5 0.1 1 4

Ostracod 50.0 3.1 5 15

Fish scale 37.5 4 11

Detri tus 62.5 10

* S]

0
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Table F-14. Results of food habits from 10 intestines of Crenichthys
nevadae collected from Big Spring at Lockes Rancn during
July, 1980. Mean total length (TL) of fish examined
23.2 mmi.

SFrequency Mean Number Mean 't
Food of Occurrence per Intestine Volume RI

Al gae
Filamen-ous algae 10 44

Amoronous plant
material 20 1 7

.i ptera
Chironomicae larvae s0 2.6 3 16

Acar,,na 30 1.4 <1 9

Gastroooda 10 0.7 2 4

Ostracod 100 401.8 83 57

ish scale 10 0.1 <1 3

Detritus 30 8
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Table F-15. Results of food habits from 10 intestines of Crenichthys
nevadae collected from Big Spring at Lockes Ranch during
August, 1980. Mean total length (TL) of fish examined =
24.7 mam.

% Frequency Mean Number Mean %
Food of Occurrence per Intestine Volume RI

Algae
Filamentous algae so 9 16

Higher plant 10 <1 3

Hemiotera adult 10 0.1 2 3

Diptera

Chironomidae larvae 70 2.2 9 21

Acarina 30 0.3 2 9

Ephipod 30 0.8 12 11

Ostracod 90 30.8 43 36

Detritus 80 23

0] 6

*. T



F.

TaDle F-16. Results of food habits from 10 intestines of Crenichthys
nevadae collected from Big Spring at Lockes Ranch during
September, 1980. Mean total length (TL) of fish examined

- 30.9 iam.

% Frequency Mean Number Mean %

Food Of Occurrence per Intestine Volume RI

Algae
Filamentous algae 60 5 18

Eohemeroptera
Unidentified larvw 10 0.1 10 6

Diptera
Chrionomidae larvae 40 1.2 3 12

Acarina 20 1.0 1 6

Gastroooda
Hydrobiidae 50 4.0 18 19

Amohipod 10 0.1 4 4

Ostracod 80 70.3 26 29

Fish sclae 20 3.3 3 6

Detritus 70 30

41I'6"
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Table F-17. Results of food habits from 120 intestines of Empetrichthys
latos from Manse Spring, Nevada during 1961-1963. Mean
standard length (SL) z 42.6 mm.-

% Frequency Mean Number Mean %
Food of Occurrence per Intestine Volume RI

Plant 5.0 2 4

Ephemerootera
Baetidae 5.0 1.7 2 4
Unidentified 2.5 0.5 3 6

Coleoptera 6.6 0.4 1 5

Insecta larvae 15.0 1.5 8 14

Other Insecta 9.1 0.1 1 6

Insecta parts 38.3 l.1 11 30

Gastropoda
Hydrobicid 5.0 0.3 <1 3
Phvsa 5.0 0.5 1 4
Uniden tified 14.1 1.1 3 11

Cladocera 3.3 4.0 <1 2

Ostracod 3.3 0.2 <1 2

Eggs 11.1 0.2 3 9

Detritus
Sand 35.8 9
Debris 78.3 56
Other matter 9.5 1

638
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Table F-18. Results of food habits from 10 intestines of Rhinichthys
osculus collected from Ash Spring during June, 1980. Mean
total length (TL) of fish examined = 37.5 mm.

; Frequency Mean Number Mean %
Food of Occurrence per Intestine Volume RI

Algae
SDirogyra 60 2 17

Ephemeroptera
Baetidae

Tricorvthodes 10 Ol 7 5
Unidentified

genera 10 0.1 1 3

Homoptera 10 0.2 3 4

TrichoDtera
Unidentified pupae 10 0.1 8 5

Hymenoptera 10 0.1 1 3

Coleoptera
Unidentified adult 10 0.1 1 3

Di otera
Chironomid larvae 100 35.0 46 41
Chironomid pupae 10 0.1 2 3
Chironomid adult 10 0.1 <1 3
Unidentified adult 10 0.3 4 4

Other Insecta 10 0.1 <1 3 0

Ostracod 20 0.2 1 6

Detritus 100 24

6 3
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Table F-19. Results of food habits from 10 intestines of Rhinichthys
osculus collected from Ash Spring during July, 1980. Mean
totaT~enth (TL) of fish examined = 37.4 mmn.

% Frequency Mean Number Mean
Food of Occurrence per Intestine Volume RI

Algae
Sairogyra 70 2 13
Comosopogon 10 7 3

Amorphous plant
material 30 3 6

4 Ephemeroptera
Baetidae 10 0.1 1 2

Trichoptera
HydroptilI i dae

Oxyethira 20 0.2 <1 4
Unidentified

genera 70 2.2 5 14

Oiptera
Chironomid larvae 90 5.8 18 20
Unidentified adult 10 0.1 < 1 2

Other Insecta
1st instar larvae 30 21.0 3 6
Unidentified larvae 10 0.1 <1 2
Unidentified adult 50 0.6 30 14

*Unidentified 20 0.2 2 4

Arachnidae 30 0.3 3 6

Unidentified animal
material 20 3 4

* etritus 100 23
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Taole F-20. Results of food habits from 10 intestines of Rhinichthvs
osculus collected from Ash Spring during August, 1980. Mean
total lengtn (TL) of fish examined = 34.7 mm.

% Frequency Mean Number Mean %
Food of Occurrence per Intestine Volume RI

Algae
Soiroayra 40 2 12
Dedogonium 10 1 3

Amorphous plant
material 10 1 3

Trichoptera
Hyoroptil idae
Oxvethira 10 0.1 6 5
Unidentified

genera 100 4.5 34 38

Diptera
Chironomidae larvae 50 1.3 8 16
Unidentified pupae 20 0.2 6 7

Other Insecta
Unidentified adult 20 1 6

Unidentified animal
material 20 18 11

Detritus 100 23

0
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Table 7-22. Results of food habits from 11 intestines of Gambusia
affinis collected from the outflow of Ash Soring auring
SeDtember, 1980. Mean total length (TL) of fish examined 30.0 mm.

Frequency Mean Number Mean
Food of Occurrence per Occurrence Volume RI

Collembola 9.1 0.7 4 4

Trichoptera
Hydroptilidae
Oxvethira 9.1 0.1 <1 3

Diptera
Chironomid adult 27.3 0.4 16 15
Unidentified adult 18.1 0.2 8

Hymenoptera
Formicidae 9.1 0.1 7 6

Gastroooda
Melanoides tuberculatus 9.1 0.1 1 3

Other insecta 36.4 0.5 10 16

Unidentified insect larvae 9.1 27.3 3 4

Unidentified adult insect 64.0 1.8 49 39

Detritus 36.0 3

64
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Table F-23. Results of food habits from 10 intestines of Poecilia
mexicana collected from the outflow of Ash Spring during
June, 1980. Mean total length (T7L) of fish sampled =64.7 mmn.

SFrequency Mean Number Mean
Food of Occurrence per Occurrence Volume RI

Algae
Soirogyra 100 36 69

Cooscoon60 1 31

Detritus 100 63

* Table F-24. Results of food habits from 10 intestines of Poecilia
mexicana collected from the outflow of Ash Spring curing
UuT7T1980. mean total length (TiL) of fish sampled =52.0 mmn.

SFrequency Mean Number Mean
Food of Occurrence per Occurrence Volume RI

* Algae
Soirogyra 100 27 100

O etrit',.us 100 73
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Table F-25. Results of food habits from 10 intestines of Poecilia
mexicana collected from the outflow of Ash Spring during
August, 1980. Mean total length (TL) of fish sampled = 40.6 mm.

% Frequency Mean Number Mean %
Food of Occurrence per Intestine Volume RI

Algae
SDirogyra 100 15 44
Comosooooon 10 < 1 4
Oeaoonium 100 26 48
Unidentified filament 10 <1 4

Detritus 100 58

Table F-26. Results of food habits from 10 intestines of Poecilia
mexicana collected from the outflow of Ash Spring during
Seotemoer, 1980. Mean total length (TL) of fish sampled 4 46.5 mm.

% Frequency Mean Number Mean %
Food of Occurrence per Intestine Volume RI

Algae
Spirogyra 80 20 70
Lynqbya 10 1 8
Oedooonium 20 1 14
Unidentified filament 10 1 8 -

Detritus 100 77

645
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Table F-27. Results of food hdbits from 10 intestines of Cichlasoma
nigrofasciatum from the outflow of Ash Spring during
June, 1980. Mean total length (TL) of fish sampled = 36.0 mm.

% Frequency Mean Number Mean %
Food of Occurrence per Iotestine Volume RI

Algae
Soirocyra 90 1 19
Oedooonium 10 ' 1 2
Compsooogon 20 10 6

Amorphous plant
material 10 9 4

Ephemeroptera
Baetidae 30 0.3 1 4

Trichoptera
Leptoceridae
Nectoosyche 20 0.3 3 5

Hydroptilidae 80 9.0 8 18

Lepidoptera
Pyralidae , I

Parargyractis 10 0.1!

Coleoptera
Elmidae
Microcylloeous 20 0.2 1 4

Diptera
Chironomidae larvae 80 57.2 51 27
Chironomidae pupae 20 0.2 < 1 4

Other Insecta 10 0.1 <1 2

Detritus 100 11

4p
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Table ;-28. Results of food habits from 10 intestine, of Cichlasoma
niarofasciatum from the outflow of Ash Spring during July,
1980. Mean total length (TL) of fish sampled = 42.8 ram.

% Frequency Mean Number Mean %
Food of Occurrence per Intestine Volume RI

Algae
Soirogyra 100 55 27
comosooogon 20 1 1 4

Amorphous plant
material 70 4 13

Eoremeroptera
Baetidae 20 0.2 <1 3

Tri choptera
Leptoceridae

Nectoosvche 20 0.3 1 4
Hyaropi - i ae
Oxyethira 20 0.9 1 4
Uni enti fied

genera 100 6.8 3 18

Col eoptera
Elmidae
Microcylloeous 30 0.8 1 5

Diotera

Chironomidae larvae 100 17.8 11 19

Gastropoda 20 0.2 <1 3

Detritus 100 23

6 4
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Table F-29. Results of food habits from 10 intestines of Cichlasoma
nigrofasciatum from the outflow of Ash Spring during August,

Mean total length (TL) of fish sampled = 34.7 mm.

% Frequency Mean Number Mean %
Food of Occurrence per Intestine Volume RI

Algae
Spirogyra 100 4 18
Comosooaon 10 8 3
Unidenti-fied

branched filament 10 <1 2

Amorphous plant
material 10 1 2

E.herneroptera
Baetidae 50 I.1 2 9

Trichoptera
Hydrootilidae
Oxyethira 80 2.2 8 15
Unidentified

genera 100 13.8 13 20
Unidentifed pupae 10 0.1 < 1 2 0

Qiptera
Chironomid larvae 90 22.9 40 22
Unidentified larvae 10 0.3 <1 2
Unidentified pupae 10 0.1 < 1 2
Unidentified adult 10 0.2 <1 2 0

Copepod 10 0.1 <1 2

Oetritus 100 24
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Table F-30. Results of food habits from i0 intestines of Cichlasoma
niarofasciatum from the outflow of Ash Spring during September,
1980. Mean total length (TL) of fish sampled = 45.1 mm.

% Frequency Mean Number Mean %

Food of Occurrence per Intestine Volume RI

I

Algae
Soirocvra 50 23 16
Uni entitied - -

branched filament 60 6 14

Amcrohous plant I
material 10 1 2

Collembola 10 0.1 <'1 2

Eohemeroptera
Baetidae 10 0.1 1 2

Odonata
Libellulidae 20 0.2 8 6..

Trichoptera
Hydro tilidae 0
Oxve:nira 50 3.0 12 13
Unicentified

genera 60 6.2 6 14

Diotera
Chironomid larvae 70 7.1 9 17 I S
Ceratopogon4dae 20 1.3 2 5
Unidentified larvae 10 0.1 1 2

Ostracod 20 1.4 1

Detritus 100 30

309
r
1

* S,

649
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Figure F- 1. Relative percent comoosition of major invertebrate commiunity
components by habitat types. Preston Bic Spring, June, 1980. -

N z total density of organisms used in calculation of percentages.
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Fioure F- 2. Relative percent composition of major invertebrate commi~unity
4 components by habitat types. Preston Big Spring, July, 1980.

N -total density of organisms used in calculation of percentages.
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Figure F-3 .Relative percent composition of major invertebrate comm~unity
components by habitat types. Preston Big Soring, August, 1980.
N ztotal density of organisms used in calculation of percentages.
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Figure F-4 Relative percent composition of major invertebrate comm~unity
Components by habitat types. Preston Bio Spring, SeDtenlber, 1980.0
N z total density of orqanisms used in calculation of percentages.
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Figure F-5. Results of food habits for Rhinichthys osculus expressed _

as percentage volume of the total diet. Preston Big
Spring, Nevada, June, 1980. N = 11.
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Figure F-6 Results of food habits for Rhinichthys osculus expressed
as percentage volume of the t-otal diet. Preston Big
Spring, Nevada, July, 1980. N z 10.
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Figure F-7 . Results of food habits for Rhinichthys osculus expressed
as Percentage volume of the total dietf. P7reston Big I.-- W
Spring. Nevada, August, 1980. N 10.
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Figure F- 9 Results of food habits for Creichthys baileyi expressed as - .
percentage volume of the to et. Preston Big Spring,
Nevada, June, 1980. N 11.
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Figure F-i . Results of food habits for Crenichthys bailevi expressed
as percentage volume of the total diet. Preston Big
Spring, Nevada, August, 1980. N - 10.
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Figure F-12 . Results of food habits for Crenichthvs baileyi expressed
as percentage volume of the total diet. Preston Big
Spring, Nevada, September, 1980. N = 10.
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:igure F-:3. Results of food habits for Catostomus clarki expressed0
as percentage volume of the total diet. Preston Big
Spring, Nevada, June, 1980. N =10.
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Figure F-1I. Results of food habits for Catostomus clarki expressed
as percentage volume of the total diet. Preston Big

CSpring, Nevada, July, 1980. N =10.
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Fioure F-15. Relative percent comoosition of major invertebrate commiunity
components by habitat types. Lockes Ranch Sprina, June, 1980.
N = total density of organisms used in calculation of percentages.
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F igure F- 16E Relative percent composition of major invertebrate commuflnity
components by habitat types. Lockes Ranch Spring, July, 1980. I
N =total density of organisms used in calculation of percentages.
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Figure F-17. Relative percent composition of major invertebrate commnunity
components by habitat types. Lockes Ranch Spring, August, 1980. SN = total density of organisms used in calculation of percentages.
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Figure F-18. Relative percent composition of major invertebrate commiunity
components by habitat types. Lockes Ranch Sprina, September, 1980.
N z total density of organisms used in calculation of percentages.
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Figure F-19 Results of food habits for Crncty nevadae expressed -

as percentage volume of th oa it.BgSrn at
Lockes Ranch, Nevada, June, 1980. N a10.
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Figure F- 20. Results of food habits for Crenichthvs nevadae expressed
as percentage volume of the ttal diet. Big Spring at
Lockes Ranch, Nevada, July, 1980. N 10.
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Figure F-21 . Results of food habits for Crenichthvs nevadae expressed
as percentage volume of the total diet. Big Spring at _

Lockes Ranch, Nevada, August, 1980. N -10.
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F7ioure F-23. Relative percent composition of major invertebrate commiunity
Components by habitat types. Shoshone North Pond, June,- 1980.
N a total density of organisms used in calculation of percentages.
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Figure F-24. Relative percent composition of major invertebrate comm~unity
components by habitat types. Shoshone North Pond, July, 1980.
N = total density of organisms used in calculations of percentages.
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Rioure F-25. Relative percent compOosition of major invertebrate commuunity
components by habitat types. Shoshone North Pond, Auaust, 1980.- S
N -total density of organisms used in calculation of percentages.
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Ficure F-26. Relative percent composition of major invertebrate community
components by habitat types. Shoshone North Pond, September, - S
1980. N = total density of organisms used in calculation of
percentages.
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Figure F-27. Results of food habits for EMoetrichthys latos latos expressed .0
as percentaae volume of the total diet. Manse spring, Pahrump
Valley, Nevada, 1961-1963. N =120.
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Figure F-28. Relative percent composition of major invertebrate community
components by habitat types. Outflow of Ash Spring, June, 1980.
N - total density of organisms used in calculation of percentages. 6

N - 5080 N = 19287
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Figure F-9 . Relative percent composition of major invertebrate community • 0 0

components by habitat types. Outflow of Ash Spring, July, 1980.
N = total density of organisms used in calculation of percentages.
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Figure F-O. Relativepercentcomposition of major invertebrate :ommunity

Relativejomun pecntym~ii

components by habitat types. Outflow of Asn Spring, August, 1980.

total density of organisms used in calculation of percentages.
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'iaure F-31. Relative percent comoosition of major invertebrate cormmunity
co~mponents by habitat types. Ash Spring, September, 1980.
N = total density of organisms used in calculation of percentages.
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Figure F-32. Results of food habits for Rhinichthvs osculus expressed as
percentage volume of the total diet. Outflow of Ash Spring, -

Nevada, June, 1980. N 10.
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Figure F-33. Results of food habits for Rhinichthys osculus expressed as
percentage volume of the total diet. Outflow of Ash Spring,
Nevada, July, 1980. N - 10.
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Figure -F-34- Results of food habits for Rhinichthys OSculus expressed aspercentage volume of the totalI diet. Ou-towof Ash Spring,Nevada, August, 1980. N =10.
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-Figure F-35. Results of food habits for Gambusia affinis exoressed as percentage
volume of the total diet. Ou-tfl~owof7AshSprinq, Nevada, September,
1980. N = 11.
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Figure F-36. Results of food habits for Poecilia mexicana expressed as .
percentage volume of the total diet. Outflow of Ash Spring,
Nevada, August, 1980. N = 10.
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Figure F-37. Results of food habits for Poecilia mexicana expressed as
percentage volume of the total diet. Out-Flow of Ash Spring, •
Nevada, September, 1980. N -- 0l.
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Figure F-38. Results of food habits for Poecilia mexicana expressed as 40
percentage volume of the totl diet.-70-fl7-w of Ash Spring,
Nevada, June, 1980. N =10.

Cops oo

plant Sirogyr

Figure F- 396 Results of food habits for Poecilia mexicana expressed as
Cpercentage volume of the tota iet. Outflow. of Ash Spring,

Nevada, July, 1980. N =10.
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Figure F-40. Resul ts of food habits for Cichiasoma nigrofasciatui expressed
as percentage volume of the total diet. Outflow of Ash Spring,
Nevada, June, 1980. N =10.
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Figure F-41. Results of food habits for Cichlasoma niarofasciatum expressed
as percentage volume of the total diet. Otow of Ash Spring,
Nevada, July, 1980. N 10.
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Figure F-42. Results of food habits for Cichlasoma niarofasciatum exor-essedas percentage volume of the toa diet.OulwofsnSrg,-
Nevada, August, 1980. N =10.
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ABSTRACT

An aquatic resource survey was conducted on the Leland Harris * -

Springs complex in western Utah during June, July, August, and

September 1980. Parameters examined included water quality and

populations of benthic invertebrates, plankton, and fish. Primary

emphasis was on distribution and abundance of fish populations.

Least chub and Utah chub were the only fish present and were abundant

and widely distributed throughout the spring complex. Microdistribu-

tion of fisn was influenced by physical conditions in the marsh areas

such as low nighttime 02 concentrations and high daytime temperatures

which resulted in fish concentrating in the springheads which ex-
* 0

hibited more stable physical conditions. Least chub were found to

be diurnal with maximum activity occurring during the day.

Two year classes of least chub were present during the sample

periods. Utah chub populations contained a distinct young-of-the-

year and juvenile age class and an uncertain number of older age

classes.
* 0

Stomach analyses of small chubs (<50 mm) and least chubs indi-

cated that they consumed the same food items. Seasonal changes in

the dietary habits of both fish was evidenced by a change from zoo-

plankton to algae and detritus as the primary food between July and

August.
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INTRODUCTION

The MX missile system has been proposed by the U.S. Air Force for .

deployment in the desert area of western Utah and central Nevada.

HDR Sciences has been contracted by the Air Force to assess the pu-

tential environmental impacts of the proposed MX project. The study S

reported on herein is a portion of those impact studies and was con-

ducted for HDR Sciences under Contract HDR/RPA-II.

This study involved an analysis of the aquatic ecosystem in a 0

spring in Snake Valley, located in west-central Utah.

The Leland Harris Springs complex was chosen as the site for the

inventory because it contained the largest remaining population of

least chubs (Iotichthvs phlegethontis Cope) of any known site. This

spring area has persisted in a relatively unmodified state in the

midst of agricultural development activities which have altered many

of the other springs of the Snake Valley.

The Leland Harris complex is a group of springs and associated

marsh area located south of Partoun in Snake Valley, part of the

Bonneville and Great basins (Figure 1). The Great Basin is typified

by parallel north-south mountain ranges separated by broad desert

basins (Christiansen 1951). The Snake Valley is one of these basins

which remained after the desiccation of Pleistocene Lake Bonneville.

Several fish maintained a relict existence in the Bonneville Basin

after the disappearance of Lake Bonneville, including Rhynichthys

osculus relicus Hubbs, a Great Basin subspecies of dace, Salmo

clarki utah Suckley, Utah cutthroat, and the least chub.
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Figure 1. Map showing the location of the study area.
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Rhynichthys osculus relicus is now extinct due primarily to

deterioration of its aquatic habitat as a result of agricultural

practices (Hubbs et al. 1974). The Utah cutthroat remains in the

Deep Creek Mountains and the least chub is still found in Snake Valley,

primarily in Leland Harris Springs complex.

The least chub has been clas3ified as either rare or endangered

by the American Fisheries Society, tha Utah Division of Wildlife Re-

sources, and the Bonneville Chapter of the American Fisheries Society

(Holden et al. 1974). It was formerly common throughout the Great

Basin drainage (Sigler and Miller 1963). Records of former distri-

bution include Iron County, Utah, in 1936 (Hubbs and Miller 1948) and

Big Cottonwood Creek near Salt Lake City in 1954 (Pendleton and Smart

1954). Present distribution of the least chub is limited to a few

spring-marsh complexes in Snake Valley (Crawford 1979; Workman et al.

1979). 5

Primary objectives in this study, especially in reference to the

least chub, were to determine the range and variability of aquatic

biological resources within the area; document taxonomic diversity and 0 S

identify those variables tnat form the most accurate predictors of the

location of aquatic biologic resources within the area.
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SITE DESCRIPTION

An overall map of the Leland Harris Springs complex locating the 0.. S

two main areas under study is presented in Figure 2. Study Area 1, a

100 m by 100 m square, was composed of several springs associated with

open pond areas and a number of apparently isolated springs and ponds

(Figure 2). Study Area 2, also 1 hectare in size, primarily com-

prised Spring 1, its channel, and the marsh below it (Figure 2).

This second area was monitored because previous studies (Crawford 1979;

Workman et al: 1979) had been conducted at this site. Also, it repre-

sented a different type of spring-marsh system, one in which the spring

contributed more flow to the marsh than springs in Study Area 1. The

marshes also contained an additional vegetation type, bullrushes,

which were not found in Study Area 1. Other less intensively studied

areas within the complex included Spring 10 and its associated marsh

area located immediately east of Study Area 1 and Spring 2 in the south- -

ern end of the complex (Figure 2). Site descriptions of each pond

and/or spring on which data were collected are included in Table 1.

Locations of the individual springs and ponds within Study Area 1 are

presented in Figure 3. Aerial photos on which Figure 2 was based are

presented in Appendix 1.
• 01
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/ Study Areo I4

Dirt Road

C NORTH

0 1/2 1Kmn

V", Open Water

StudyArea F7\1 Wetland meadow

SBulrushes 8 cattoils S

WHigh ground

Figure 2. Mlap of Leland Harris Springs Complex denoting location of
study areas.1

6 'Based on aerial photos- June 1980.
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Table 1. Site descriptions, June 1980 - September 1980.

Study Area 1 (Figures 2 and 3) - Area was fenced off to cattle and
exhibited little damage typically associated with livestock.

Spring 4 Consisted of primary spring approximately 5 m in
diameter with secondary pool associated with it. 0 0
Bottom was covered with thick mats of Chara and fila-
mentous algae in deeper sections. Average depth was
.3-1 m. Noticeable outflow (<.1 cfs) to Pond 2 in
June and September.

Spring 5 Springhead to Pond 2. Springhead approximately 1 m
in diameter mostly overgrown with vegetation. Depth
.3-.6 m. Connected with Pond 2 via definite narrow
channel .3-1.5 m across. Definite flow noted but less
than 0.1 cfs June through September.

Spring 6 Isolated springhead with no surface outlet dimensions,
approximately 1.3 m x 2 m. Average depth 1 m with
some deeper holes. Contains ledges below water's
surface which made seining very difficult.

Spring 7 - Small spring approximately .6 x 1 m, feeding a small
pool. Spring choked with algae and Chara in June and
July, only algae was present in August and September.

Spring 8 - Isolated springhead with no surface outlet. Dimen-
sions 1.5 m x 4 m. Deoth 1-1.5 m at one end with hole
deeper than 1.5 m shelving up to approximately 0.1 m
at opposite end. Chara and filamentous algae in
shallow end. •

Spring 9 - Very small, 0.6 m in diameter. Choked with filamen-
tous algae.

Pond 1 - Large body of open water. Surface area approximately
0.75 hectare. One side located within Study Area 1.
Depth 0.2-0.6 m. Bottom completely covered in thick
mats of Chara during June. Chara decreased and pond
was dry by August; some water present again in September.

Pond 2 Dimensions approximately 30 m x 15 m. Depth 0.3-0.6 m.
Bottom covered with thick mats of Chara in June;
noticeably less in July, August, and September.
Separated from Pond 3 by intrusion of wetland meadow
into basin. Fed by Spring 5.

699
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Table 1. Continued

Pond 3 - Dimensions approximately 25 m x 15 m. Depth 0.3-1 m.
Bottom covered by thick mats of Chara in June; sub-
stantial reduction in July, August, and September.
Separated from Pond 2 and Pond 3 by intrusions of wet-
land meadows.

Pond 4 Dimensions approximately 25 m x 10 m. Depth and vege-
tation similar to Ponds 2 and 3. .

Pond 5 - Dimensions 2 m x 3 m. Choked with Chara except for two
0.5-m deep holes.

Pond 6 - 1 m x 2 m, shallow relatively free of Chara and other
vegetation. Dry from July through September.

Pond 7 - 1 m diameter. Very shallow, depth 25 cm. Dry July-

September.

Pond 8 - 2 m diameter; shallow. Dry July-September.

Pond 9 - 3 m x 1 m. Shallow; little vegetation. Dry July-
September.

Pond 10 - Similar to Pond 9 but smaller. Dry July-Septem er.

Pond 11 - 1 m diameter; shallow. Dry in July and August, some
water in September.

Pond 12 - Large pond 30 m across. Depth 0.3-1 m. Bottom covered
with thick mats of Chara in June; less Chara present in
July through September.

Pond 13 - 3 m x 1 m; shallow. Some Chara and algae present. Dry
July-September.

Pond 14 - 3-1/2 m x 1 m; shallow. Bottom wetland meadow. Dry in
July-September.

Pond 15 - Crescent shaped pond approximately 3 m across and 15 m S 0
long; shallow. Bottom wetland meadow, Chara and algae.
Dry July-September.

Pond 16 - Similar to Ponu 15, but smaller; dry July-September.

---- -- ---------------------------------------------- S

Spring 10 - Dimensions approximately 8 m x 3 m, maximum depth 1.5 m.
Connected with a marsh area via long narro . channel.
Similar in many respects to Spring I.

700
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Table 1. Continued

Study Area 2 - Spring 1 and locale (Figure 2) was not fenced and conse-
quently exhibited extensive bank damage and erosion around springhead S 0
due to livestock usage.

Spring 1 - Dimensions approximately 15 m x 10 m. Maximum depth
2.5 m. Vertical sides with some limited shallow
shelves along sides with assessory spring feeding it
from the southwest. Main spring with channel 30-40 m S 0
long flowing into marsh area.

Spring 2 2 to 2.5 m in diameter. Depth 1-1/2 m. Limited surface
outflow through bullrushes along one side. Located in
south end of marsh (see Figure 1).

* S

*
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STUDY AREA I

NORTH
0 25 50 75 100 METES

100 100 METERS

75- -75

V) 50- ,P2: -50 <,

25- -25

S 6

*I 6

0 25 50 too

SOUTH 0

L Welland Meadow Chara

Figure 3. Pond and spring designations for Study Area 1 with
vegetation types.
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MATERIALS AND METHODS

General

The Leland Harris complex was reviewed during a "ield reconnais-

sance in June 1930. This review was used to set up study sites,

familiarize tne crew with the area and determine field sampling pro-

cedures. Field samples were taken on June 16-21, July 14-19, August

18-22, and September 15-19, 1980. S

Mapping

Study Areas 1 and 2 were each mapped once during the study by

laying out one hectare square grids with north-south transects 5 meters

apart and points every 5 meters along the transect. Vegetation, eleva-

tion using a level and stadia rod, and landform were recorded at each

5-meter point. Elevations were recorded relative to a head stake.

Water Quality

Water samples were analyzed according to Standard MeLhods (APHA

et al., 1973). Field conductivity and dissolved oxygen were measured

with a YSI model 33 S-C-T meter and model 54A oxygen meter. Field pH

measurements were made with an Analytical Measurements model 107 meter.

Total hardness, total alkalinity, and chlorides were measured using

titration techniques; nitrate, sulphate, and turbidity were measured

spectrophotometrically with a Bausch and Lomb mini-spectrophotometer.

l ) 0
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Water levels at Springs 1 and 4 were measured during each sample period

by staff gages emplaced in the springheads. Gages were not set to a

standard depth in each spring and readings thus measure only the rela-

tive fluctuations of water levels for each spring.

3

Phytoplankton - Periphyton

Duplicate whole water phytoplankton samples were collected in

Springs 1 and 4 with a Van Dorn water bottle. Samples were preserved 0

with Lugols solution and cupric sulfate, then kept in the dark until

analyzed.

Periphyton samples were taken from different substrates and pre- 0

served in Lugols solution and cupric sulfate and also kept in the dark

until analyzed. Analyses were done by Al Mahood, an algal specialist,

using the following methodologies.

Pen phyton

A portion of one aliquot of the sample was transferred to a 1.3 ml

capacity settling chamber. Analysis of the green and blue-green algae

was made under appropriate magnification using an Olympus IMT inverted

microscope. Replicate samples were examined to determine 90% of the

species. The number of replicates may vary with the community or num-

ber of dominants.

To determine the diatom community structure, a second aliquot was

passed through a series of washings with distilled water. After re-

moval of salts and colloidal material, an incinerated strew slide was

704
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prepared (mounted in Hyrax). Identification at IOOX was determined - 1
for 90% of the species. A minimum of 400 cells per slide was examined.

(For the first samples, 5 aliquots were examined to better establish

a primary list.)

Further cleaning with hydrogen peroxide, potassium permanganate

and oxalic acid is continuing to assist in identification of the more

difficult species.

Phytoplankton

An aliquot of the plankton samples was prepared for incineration

to establish a species list of the diatoms prior to chamber counts with * •

the inverted microscope.

Special preparation of the plankton aliquot (diatoms, green and

bluegreen algae) was required. The sample was acidified by the addi-

tion of 2 to 4 drops of HC1/250 ml of sample in order to remove the

CaCO 3 precipitate. Care was taken to minimize damage to the algae.

After the sample had been acidified, a 75 ml aliquot was settled in a

chamber. Identification of species was determined using an Olympus IMT

inverted microscope at lOO0X. Calculations to determine cells/ml were

based on the following formula taken from Slack et al. (1973):

Area of chamber mm2  . Total cell count x Vol. of chamber in ml. " "

Area counted nm2  Vol. of original sample x I ml.

7 0
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Zooplankton

Duplicate zooplankton samples were collected from open water areas

with a Van Dorn water bottle. Fifteen liters of water were strained

through a 64 mm mesh bucket to obtain a concentrated sample for analy-

sis. Additional zooplankton were sampled by short (<3 m) tows with a

64 u mesh plankton net.

Species diversity values for invertebrate and plankton popula-

tions were calculated using the Shannon-Weaver species diversity 
0

index which can be expressed as:

a = - E (Ni/N) log2 Ni/N

where: d = diversity

Ni = number of individuals in the ith species

N= total number of all species.

Actual computation of values was accomplished using the machine formula: •

= - (N logl0 N - r Ni loglo Ni) 1N

where: C = 3.322
N = total number of individuals

Ni = total number of individuals in the i th species.

1EPA 1973.
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Macroinvertebrates

Four replicate samples of macroinvertebrates were taken with a

232 cm2 Ponar dredge in each selected habitat type in Springs 1 and 4.

Intensity of macroinvertebrate sampling varied between the June-July .

and August-September sampling periods in Springs 1 and 4. During June

and July, four habitat types were sampled in Spring 4; Chara in the open .

water areas of the spring, wetland meadow consisting mostly of sedges

which intruded into the edges of the spring, filamentous green algae

clumps usually associated with the actual entry point of spring water,

and a flowing channel outlet. Habitat sampled in Spring 1 included -

only the shallow shelf areas of the spring. During August-September

sampling periods, emphasis in invertebrate sampling was shifted from

Spring 4 to Spring 1. Chara was the only habitat sampled in Spring 4.

Four habitat types were sampled from Spring l and its associated

areas. These included the shallow shelf area, the deep bottom area

composed of a peat substrate, the outflow channel approximately 35

meters below the springhead and the middle arm of the marsh below

Spring 1.

Samples were packaged in whirl-pak bags and preserved with 90%

ethyl alcohol before transportation to the BIO/WEST invertebrate

laboratory for analysis.

Aquatic invertebrates were identified to the lowest practical

taxonomic level using a variety of references, which included Menke "

707
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1979, Merritt and Cummins 1978, Pennack 1978, Edmundson 1976, Mason

1973, Edmondson 1959, Usinger 1956, Needham and Westfall 1954, and

Hungerford 1948. Chironomidae larvae were identified and sent to

Dr. J. E. Sublette at the University of Eastern New Mexico, a recog-

nized authority on chironomid taxonomy, for verification.

Results from the four benthic samples from each habitat type

were pooled to obtain a mean density per taxa. Mean density was

also :mDuted for the total sample.

Fish

Collection

Fish collection techniques included use of a 15-foot seine with

1/6-inch mesh and baited minnow traps lined with 1.5 mm mesh netting.

Fish were identified, enumerated and measured in sufficient numbers to

provide length-frequency data. A minimum of 10 Utah chubs were col-

lected and immediately killed and preserved in 10 percent formalin each

month for stomach analysis. Ten to twenty least chubs were also col-

lected for stomach analysis in August and September. Larger Utah chubs

in selected springs were tagged with numbered fingerling tags to record

movements and document growth. Qualitative visual observations of

relative fish abundance were made by examining plots approximately .1 m
2

in size and noting the abundance of fish. Nlumerous fish were also

marked by fin clips in order to estimate populations by mark and re-

capture methods.

7 0708 .
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The formula used for estimating population size was taken from

Ricker (1971) and can be expressed as:

N = mc

r

where: N = Estimate of total number of fish in the population

m = Total number of fish marked in the population

c = Number of fish in the sample

r = Number of marked fish recaptured in the sample.

The standard error of N (S.E. [N]) is then estimated by the formula:

S.E. (N) N (N-m) (N-c)
mcN

Stomach Analysis

Fish preserved in formalin for stomach analysis were first washed

in tap water, then preserved in 40 percent isopropyl alcohol before

dissection. Each fish was opened ventrally and all viscera removed.

The anterior section of the stomach was then separated from the re-

mainder of the intestinal tract. Stomach fullness was estimated 0

visually. Food items were sorted and identified to the lowest taxa

possible under an 80X Olympus stereo microscope and the volume that

each taxa represented of the total mass visually estimated with the -

aid of a calibrated ocular grid. In the case of fish between 11 mm

and 30 to 40 mmn, and when stomach contents were composed primarily of

algae and/or detritus, smears of stomach contents were made on * 0

7 0
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microscope slides and examined under an Olympus stereo-compound

microscope (max. mag. lOO0X). All other manipulations were the same

as in larger fish.

-710
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RESULTS

Vegetation and Mapping

Vegetation within Study Area 1 was primarily composed of Scirpus,

Juncus, Carex, Eleocharis, Distichlis, and Chara (Table 2).

There were three major vegetation types: the open water type com-

posed almost totally of Chara; the upland, dry meadow composed primarily

of Carex occidentalis; and the wetland meadow which comprised most of -

the study area and was dominated by Scirpus, Juncus, Eleocharis, and

Distichlis. Most of the study area was wetland meadow and the upland

meadow type was composed of small, scattered clumps within the wetland

meadow. In the springs themselves, clumps of filamentous green algae,

primarily Spirogyra and Mouqeotia, were also common. Small scale pat-

terns of vegetation (<25 M2 ) were not revealed due to the coarseness of

the method employed.

Figure 3 shows the vegetation in relation to the ponds and springs

of Study Area 1. Figure 4 delineates the vertical profiles of 3 repre-

sentative cross-sections of Study Area 1 with water levels present on -

June 17 shaded in. Elevations were all relative to a permanent headstake.

Vegetation in Study Area 2 (Spring I and locale) was very similar

to the first study area with the exception that bullrushes were present 5 0

in some spots. Study Area 2 also had a larger percentage of high ground

than Study Area 1 (Figure 5).

711
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Table 2. Species list of vegetation, Study Area 1.

Sesuvium verrucosum Raf

Elymus triticoides Buckley

Triqiochin maritima L

Scripus punqens Vahl. (D)l

Juncus balticus Willd (D)

Carex occidentalis Bailey (D)

Eleocharis palustris (L) Rts. (D)

Distichlis (0) sp.

Chara (D) sp.

Potentilla sp:

Iris sp.

'Dominant vegetation types.
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Figure 5. Map of Study Area 2.
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Water Quality

Water levels for Springs 1 and 4 as measured by staff gages are

presented in Table 3. Water chemistry data for Springs 1 and 4 are

summarized in Table 4. Additional water quality data were collected

from a variety of springs and ponds in Study Area 1 (Table 5) and from 0

trap locations in and around Spring 1 (Tables 24 and 25). Vertical

and diurnal profiles of temperature and dissolved oxygen generated for

selected sites in Study Area 1 in July are shown in Figures 6, 7, and

8.

Table 3. Water levels, Springs 1 and 4, June- 0
September 1980.

Spring 1 Spring 4

June 1980 57.20 cm 54.46 cm

July 48.90 cm 52.37 cm

August 48.26 cm 53.04 cm 0

September 50.16 cm 53.04 cm

In general, the springs exhibited cool, stable temperatures, rela-

tively low, stable dissolved oxygen values, and low conductivities.

Areas such as Spring 1, its channel and marsh below often exhibited

distinct water quality gradients, particularly in the afternoon when

715
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Figure 8. Vertical profile oil dissolved oxygen and temperature in
Spring 4 at 1410, July 15, 1980.
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the marsh displayed higher temperatures, conductivity, pH, and dis-

solved oxygen than the springhead. Channel values, though transi-

tional, were more similar to the springhead than marsh.

Phytopl ankton-Periphyton

Total phytoplankton densities varied widely from a low of 17.12

cells/ml in Spring 4 in June to a high of 858.84 cells/ml in Spring

4 in August. Population density trends were the same for Spring 1 and 0

4, with low populations in June, increasing to a peak in August, after

which densities decreased to almost the levels observed in June (Figure

9).

Species composition of the phytoplankton was dominated by diatoms

during each sample period, except for the August sample in which a

bloom of Carteria sp. (Chlorophyta) and Cryptomonas sp. (Chlorophyta)

occurred in Spring 4 (Table 6). Common and abundant species of diatoms

included Achnanthes minutissima (Kutz) v. minutissima, Fragillaria spp.,

Nitzschia paleacea (Grunow), Synedra radians (Kutz) radians, Synedra

ulna (Nitz), and Gomphonema spp. Chlorophyta and Cyanophyta were not

comi on except at Spring 4 in August. Species diversity values calculated

for the phytopiankton of Springs 1 and 4 are presented in Table 7. 1 -
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Table 7. Shannon-Weaver species diversity indices for
the phytoplankton communities in Springs 1 and
4, June-September 1980.

6/80 7/80 8/80 9/80

Spring 1 1.54 3.68 3.52 3.14 . 0

Spring 4 2.88 2.82 2.72 3.74

Monthly periphyton species lists for Spring 4 (June-September) and

Spring 1 (August and September) (Table 8) showed Achnanthes minutissima

(Kutz) minutissima, Cymbella microcephala (Grunow) microcephala,

Fragillaria spp., Nitzschia frustulum (Kutz), N. paleacea (Grunow), and

Synedra radians (Kutz) radians to be among the most commonly occurring -

diatoms. Chara vulgaris Linnaeus and Spirogyra sp. were the most com-

monly occurring green algae. Blue-green algae were uncommon in the

periphyton community.

Although quantitative periphyton samples were not taken, qualitative

visual observations indicated that in most cases the periphyton community

in shallow areas of springs and ponds was dominated by large beds of

Chara and clumps of Spirogyra.

Known ecological preferences for diatom species present in the

phytoplankton and periphyton is listed in Table 9. Most species had

transcontinental distributions in North America, were alkaphilous and

732
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Table 8. Occurrence of periphyton species in Leland Harris Spring
No. 4, June-September 1980, and Spring No. 1, August and
September 1980.

Spring 4 - Spring I

Species 6/80 7/80 8/80 9/80 8/80 9/80

Chlorophyta

Chara vulgaris Linnaeus X X X X X

Cl adophora X

Gleocystis X

Mougeotia X

Scenedesmus X

Spirogyra X X X X X0 0

Ulothrix X X

Bacil1 ariophyceae

Achnanthes spp. X X

A. exigua Grun exigua X X

A. lanceolata (Breb.) Grun.
la-nceolata x X x

A. minutissima (Kutz) v.
minutissima X X X X x

Amphora spp. X X

A. ovalis (Kutz) Kutzing v.
oval is X

A. perpusilla (Grun.) Grunow X

Anornoeoneis spp. X

A. sphaerophora (Ehr.)
Pfitz v. sphaerophora X
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Table 8. Continued

Spring 4 Spring 1

Species 6/80 7/80 8/80 9/80 8/80 9/80-

Bacil lariophyceae (continued)

A. sphaerophora (Kutz.) Pf. X

Cocconeis spp.

C. placentla v. linesta
(Er)Ceve X x X X X

Cvmbella spp.

C. affinis Kutz. v. affinis X X X X X

C. cistula (Ehr.) Kirchn X

C.cyrnbiformis Ag. v.
*cymbiformis x x x

C. mexicana (Ehr.) Cl. v.
mexicana X X X

C. microcephala Grumow
m ricrocephala X X X x x x

C. minuta Hilse ex Rhab.
mi nuta x X X x X

C. tumida (Breb. ex Kutz.)
jV.H. v. tumida X x

Denticula spp. X X x X x

Diatoma spp.

D. elongatum Ag. K x

Diploneis spp. X x

Epithemia spp.

E. argus v. protracta A.
* Mayer X X X X X x S

E.turgida (Ehr.) Kutz. X X
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Table 8. Continued

Spring 4 Srn

Species 6/80 7/80 8/80 9/80 8/80 9/80

Bacil lariophyceae (continued)

Eunotia spp.

E,. curvata (Kutz.) Largerst.
v. curvata X

Fragilaria spp. x

F. brevistrata v. inflata-
(Pant.) Hust. X X X X x X

F. capucina v. mesolepta
Rabh. X X

F. construens (Ehr.) Grun.
construens X X x X X x . I

F. construens v. binodis
-(Ehr.) Grunow X

F. crotonensis Kitton X X X

F. pinnata Ehr. V. pinnata X X X X X X

F. vaucheriae (Kutz) peters X X

Gomphonema spp. x

G. acuminata v. pulsilla
Grun. X

G. intricatum Kutz. v.
intricatum x X X x X

G.* parvulum Kutzing x x x x S

G. truncatum v. capitatum
(Ehr.) Pat'r. X X X X X X

Mastigloia spp.
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Table 8. Continued

Spring 4 Spring 1

Specijes 6/80 7/80 8/80 9/80 8/80 9/80

Bacillariophyceae (continued)

M. smithii Thwaites ex.
W. Sm. smithii X X X X X

Melosira spp. X

M. arnbiqua (Grun.) D. Muller X

M. varians C. A. Ag. X

Navicula spp. X X

N. cryptocephala Kutzing X

N. cuspidata Kutzing X

N. halophila (Grun.) Cl.
v. halophila X X

N. halophila Y. teniuro
Hustedt X

N. ilopanpoensis Hustedt
v. ilopangoensis X

N. menisculus Schumann X

N. mutica Kutz. mutica X X X

N. peregrina (Ehr.) Kutzina
v. kteregrIna X

4 N..pupula v. rectangularis
(Greg.) Grun. X X

N. radiosa Kutzing v.
radiosa X X

N. secreta v. apiculata
Patrick X
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,able 8. Continued

Spring 4 Spring 1

Species 6/80 7/80 8/80 9/80 8/80 9/80

Bacil lariophyceae (con' inued)

Neidium spp. x

N. iridis v. amphiomrphus
(Ehr.) FA. Mayer X X

Nitzschia spp. x x

N. acicularis W. Smith X X

N. amphibia Grunow X

N. frustulum (Kutz.) Grunow X x X X X X

N. linearis W. Smith X X

N. paleacea Grunow X X X X X

N. sigmoidea (Ehr.) W. Sm. X X

N. trublionella Hantzschia X X

Pinnularia spp. X X X

P. majo (Kutz.) Cleve X

P. viridis (Nitz.) Ehr. v.
viridis X

Rhoicosphenia spp.

R. curvata (Kutz.) Grunow X

Rhopalodia spp.

R. gijba (Ehr.) 0. Muller X X X X X X

R. gibberula (Enr.) 0.
Muller X

R. musculus (Kutz.) 0.
V. musculus x X X X
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Table 8. Continued

Spring 4 Spring I

Species 6/80 7/80 8/80 9/80 8/80 9/80

Bacillariophyceae (continued)

Stauroneis spp.

S. Phoenicentron v. gracilis
(E hr. Y Tst. X X

Synedra spp. .

4S. radians (Kutz.) radians X x x X X X

S. ulna (Nitz.) Ehr. X X X X X

S. ulna v. spathulifera

(Grun.) V.H. x x x

Chrysornonad cysts X X X X

Cya nophy ta

Nostoc x

Ocillatoria X
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preferred waters of low to moderate salt concentrations though often

tolerant of higher concentrations. .

Zoool8ankton

No zooplankton were collected during any month in the open water 0

with either a Van Dorn bottle or plankton net. However, Simocephalus

vetulus, Alona sp., Chydorus sp., and CycloPs vernalis were found in

qualitative samples of bottom debris and vegetation.

Macroi nvertebrates

Over forty invertebrate taxa were collected from the Leland Harris

area in quantitative and qualitative samples. Chironomidae (Diptera)

and gastropods were typically the most abundant groups of invertebrates

with amphipods being occasionally dominant (Figure 10).

Samples taken in the actual springheads indicated that Spring 4

sustained a higher density of macroinvertebrates than Spring 1. However,

samples taken in channels below springs showed high densities in both

areas (Tables 10 and 11). Highest recorded densities occurred in the

outflow of Spring 1 in September. Lowest recorded densities occurred

in the bottom of Spring 1 during August.

Species diversity values calculated from macroinvertebrate data on

Springs 1 and 4 ranged from 0 to 3.72 (Table 12). Lowest values (0-

2.01) were recorded from the bottom of Spring 1 and highest values

(3.70-3.72) from Chara beds in Spring 4. Higher diversity values were

74i
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Table 12. Shannon Weaver species diversity indices for macroinverte-
brate populations in Spring 1 and Spring 4, June-September
1980.

6/80 7/80 8/80 9/80

Spring 1 (avg.) 2.74 2.88 2.09 2.45 0

n Shelf 2.74 2.88 2.58 2.58

Bottom-- 0 2.01

Channel 3.05 2.01 0

Marsh below Spring 1 - - 2.73 3.23

Soring 4 (avg.) 3.12 3.30 3.04 2.82

Cnara 3.72 3.70 3.04 2.82 0 S

0

- Wetland Meadow 2.71 3.59 -

-' Fil. Green Algae 3.19 2.63

Channel 2.86 -

754
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recorded for Spring 4 than Spring 1 during each month sampled. Diver-

sity values for the channel below Spring 4 and the channel and marsh .0

below Spring I were generally similar.

Ecological relationships for the common macroinvertebrates col-

lected are summarized in Table 13. Most species were typical of lentic-

littoral habitats, often in association with vascular hydrophytes. All

major functional trophic groups were represented with collectors,

gatherers, and scrapers being the most numerically abundant in the

invertebrate samples. Most of the species collected had widespread

or western distributions in the U.S.

Fish S

Least chubs and Utah chubs were the only fish collected at Leland

Harris. Both species were found at locations throughout the spring-

marsh complex from June to September.

Seining was the primary collection technique employed in June;

however, in the remaining sample periods (July-September) a combination

of seining, netting, and trapping techniques were employed with a re- 0

sulting increase in sampling effectiveness,

Population Structure 
4

Length frequency histograms compiled from all sample sites each

ionth for least chubs (Figure 11) show two distinct year classes each

month and the possible remnants of a third. Recruitment fish ranged *

7 5
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in size from 11 to 30 mm, total length. Average size was similar in

June and July but increased slightly in August and September (Table 14).

Adult fish varied from 31 to 57 mm in size. Average size of the adult

fish also showed only slight increases in August and September.

Table 14. Average size (mi) of adult and recruitment least
and Utah chubs during June, July, August, and
September 1980.

Recruitment Adult 0

Least Chub Utah Chub Least Chub

June 23.03 26.03 38.39

July 22.53 30.50 38.05 0 S

August 25.36 36.16 38.48

September 26.18 41.75 39.24

Length-frequency histograms for Utah chubs (Figure 12) show the -

first two year classes in August and September when sample sizes were *

large; only young-of-the-year are obvious in June and July as a result

of the smaller sample size on which they are based. Average size of

recruitment fish increased from 26.03 in June to 41.75 in September. O

An undetermined number of older age classes were also present.

7 6
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Distribution and Abundance

Absolute population estimates were impossible to make in many

springs due to the nature of the area being sampled. Springs 8 and 6, for

example, contained ledges and small, deep holes into which fish retreated

at any disturbance; Spring 5 was so small that it was impossible to seine.

Catches for Spring 4 and the southwest arm of Spring 1 (Table 15) came 4

close to approximating total populations because it was possible to visual-

ly observe all the fish in these areas and estimate the effectiveness of

sampling. Attempts to estimate populations by mark and recapture methods 0

were successful only on the southwest arm of Spring 1 due to low numbers

of recaptures. Qualitative estimates of fish abundance (Figure 13) for

other sites were based on visual observations, seining and trapping. 0

Young-of-the-year were not differentiated into Utah chub or least chub

in Figure 13 unless seining or trapping permitted an identification to

species. Question marks for adult fish indicated only a probable identi-

fication of the adult based on visual observations without subsequent col-

lection.

Table 15. Total catches of least and Utah chubs at selected sites, and 0
qualitative estimates of sampling efficiency, June - September
1980.

Spring 4 SW Arm Spring 1

Total Estimated Total Estimated
numbers sampling numbers sampling
(LC/UT C) efficiency (LC/UT C) efficiency

6/80 151/37 50-75% 31/2 50%

7/S0 512/23 75-90% 1068/12 75% *

8/80 240/24 75-90% 905/34 75%

9/80 100/6 75-90% 392/6 50%

766
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Figure 13. Qualitative abundance estimates of least and Utah chubs
at 19 sites in the Leland Harris Springs Complex.

JUNE JULY AUG SEPT

It -- "

STUDY AREA I ~ S- ~ ~ \ 4OS-ka \- ''

Spig4L.c. L.c. L.C.spr'ng 41 _

Spring 5 0 0

Spring 6

Spring 8 ut. c L.c-L.cc.

Pond I - Dry

Pond 2

Pond 3

Pond 4

Pond 5 - Dry - - Dry - - Dry

Pond 6 - D - Dry - Dry

Pond 12

Pond 13 Dr - Dry --

Pond 15 D - Dry y

Pond 16 L.c - - Dry -

Spring I & locale -

Spring I uI.C ut. Ct

Spring I (S.W.orm)

Spring I (channel) L r- L •

Marsh below Spring I L C

Spring 2L t L .c

* ABUNDANT COMMON OCCASIONAL ABSENT
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Trap Data

Minnow traps were emplaced in a number of locations throughout

the Leland Harris complex for the purpose of monitoring fish usage

of particular areas; of special interest was utilization of spring-

heads in relation to channel and marsh areas with which they were

associated. Locations monitored included Spring 4 and vicinity and

the Spring 5 - Pond 2 system in Study Area 1, Spring 10 and associated

areas located below Study Area 1 and Spring 1 and associated areas in

Study Area 2.

SDrinq 4

Figure 14 denotes the location of traps in and around Spring 4

for J'ly and August-September. Table 16 summarizes catch and water

quality data for July and Table 17 includes the same information for

August and September. Highest catches always occurred in the spring-

head. Pond 1, below the spring exhibited a 0 catch rate and dried up

in August before partially refilling in September. Catch rates for

the marshy area above Spring 4 were low in July and August but increased 0,

slightly in September. Conditions in the open marsh area (Tc) as opposed

to in the bullrushes (a and b) were marginal since all the fish caught

in Tc in September apparently died as a result of oxygen depletion S S

during the night.

Spring 5 - Pond 2

0 Four traps were placed in the Spring 5 - Pond 2 system during July, *

August, and September (Figure 15). Trapping (Table 18) and visual

768
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Table 16. Catch per unit effort, dissolved oxygen, and temperature at
6 traps around Spring 4 between 2100, July 14, and 1030,

July 15, 1980.

D.O. Temp.
Catch per (ppm) (°C)
unit effort
(fish/hr) 2115 0500 2115 0500

Marsh Trap 1 (LC/UT C) .2/0 4.5 1.1 20.0 15.0

Trap 2 .3/.6 7.5 1.0 20.0 15.0

Spring 4 Trap 3 31.7/1.5 4.0 2.0 14.5 13.4

Trap 4 9.8/7.0 9.8 2.5 20.0 15.5

Pond 1 Trap 5 0/0 8.3 0.8 23.0 17.5

Trap 6 0/0 9.5 6.0 26.0 19.5

.. O

!

r
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Table 17. Catch per unit effort of least and Utah chubs in Spring 4
and vicinity, August and September 1980.

* _

Time Fish/hr. Temp.

(in/out) (LC/UT C) (°C)

August 1980

Marsh Trap A 1935 .3/0 12.5
0945

Trap B 1935 .2/.l 14.0
0945

Trap C

Spring 4 Trap D 1935 6.6/.6
0925

Trap E 1935 3.2/.4
0935

Trap F 1935 2.8/.3 13.5
0950

September 1980

Marsh Trap A 1525 .3/.2 15.0
0903

Trap B 1525 .7/.3
0905

Trap C 1000 .6/.4 23.0
1500

Trap C 1525 .3/.I 13.0
0900

Spring a Trap D 1000 17.4/1.2 18.0
1500

Trap D 1525 .2/.1 15.0
0900

* 6
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Table 17. Continued

Time Fish/hr. Temp.
(in/out) (LC/LIT C) W0C

September 1980 (continued)

Trap E

Trap F 1000 2.4/0 22.0 -
1 500

*l 
,

04
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July -September 1980.
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Table 18. Catch per unit effort at four traps in Spring 5 and Pond 2
during July, August, and September 1980.

.- _

Fish/hr.
(LC/UT C) Time Temp. (°C) Date

Spring 5 Trap 1 0/42.3 1345-1645 14.0 7/15/80

Trap 1 0/.8 1945-1000 15.0-14.5 8/19-8/20/80

Trap 1 0/1.03 1520-1815 15.0 9/16/80

Trap 1 0/.I 1825-0915 15.0-15.0 9/16-9/17/80

Trap 2 4.0/25.3 1345-1645 16.0 7/15/80

Trap 2 0/36 1945-1000 14.5-15.0 8/19-8/20/80

Trap 2 0/.3 1520-1820 15.5 9/16/80

Trap 2 .1/1.89 1825-0920 15.5 9/16-9/17/80

Pond 2 Trap 3 0/0 1345-1645 27.0 7/15/80

Trap 3 0/0 1950-1010 19.0 8/19-8/20/80 0

Trap 3 0/.3 1520-1820 27.0 9/16/80

Trap 3 0/0 1825-0934 27.0 9/16-9/17/80

Trap 4 0/0 1345-1645 30.0 7/15/80 •

Trap 4 0/0 1945-1010 19.0 8/19-8/20/80

Trap 4 0/0 1520-1820 28.0 9/16/80

Trap 4 0/.1 1820-0938 28.0 9/16-9/17/80 •

774
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observations showed Utah chubs primarily used the springhead during -

July and August with zero catch rates recorded for the pond areas

during those months. September traps showed somewhat decreased utili-

zation of the springhead and an increase in the pond, though catch

rates were still low. In contrast, visual observations of these areas * _0

in June indicated no fish in the springhead and numerous young-of-the-

year and adult fish in Pond 2.

Spring 10

Spring 10 was located immediately below Study Area 1 (Figure 2).

During the September sample period, traps were emplaced in the spring-

head (Ti and T2), channel (T3), and marsh (T4) (Figure 16). Highest
* 0

catch rates were recorded for the springhead; however; channel and marsh

areas also exhibited relatively high catch rates for fish (Table 19).

Least chubs primarily occurred in the channel and marsh while Utah chubs
* •

dominated the springhead.

Spring 1

Spring 1, its channel, and associated marsh were the most inten-

sively trapped areas in this study. A total of eight traps were placed 5 5

in two habitat types in the springhead itself and in proximal portions

of the outlet channel in August (Figure 17). Table 20 summarizes the

catch per unit effort of eacn trap. Adult Utah chubs (50 nmm+) were found S S

only in the spring's deep water and shelves. Adult least chubs were

distributed through all the habitat types but also sustained highest

densities (10-13 fish/hr.) in the spring's deep water and shelf areas. O

7 7
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Table 19. Catch per unit effort of least and Utah chubs at four

locations around Spring 10, September 16-17, 1980.

Total
Y-0-Y Adult sample

fish/hr. fish/hr. size Temp.
Day Time (LC/UT C) (LC/UT C) (LC/UT C) (0C)

Trap 1 9/16 1540 0/2.2 0/0 0/7 15.0
1850

9/16-17 19 20 0/1.7 .11.2 1/32
1150

Trap 2 9/16 1540 .3/11.1 0/0 1/36 15.0
1855

is 9/16-17 1920 .2/2.5 0/.5 4/50
1207*

Trap 3 9/16 1540 7.0/1.7 0/0 35/6 15.0
1905

9/16-17 1910 1.1/.8 .7/0 30/14
1220*

Trap 4 9/16 1545 4.0/0 0/0 14/0 16.3
1915

9/16-17 1915 .5/.1 0/0 8/1 20.0 S
1252

7717
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Young-of-the-year least chubs exhibited low densities (<I fish/hr.) in

the deep, open waters of the springhead, moderate numbers in the shelf

areas (3-5 fish/hr.) and highest densities in the channel (32 fish/hr.).

Additional traps were emplaced from the SW arm of Spring 1 to

the marsh below it (Figure 18) in July, August, and September. Three

traps (TI, T2A, T2B) were emplaced in portions of the main spring.

Four traps (T3, T4, T5, T6) were situated in the outflow channel of

Spring 1 between the spring and marsh. Trap 7 was located in open

water of the upper marsh, trap 8 in a deeper (1.5-2.0) hole in the

marsh. Traps 9A and 9B were in open, shallow water while 10A and lOB

were placed among bullrushes in the marsh. Not every trap location
* S

was utilized each time a trap series was run. Catch per unit effort

data for these locations for each month is presented in Tables 21, 22,

and 23. Water quality information for some trap sites is presented in

Tables 24 and 25. Catch rate patterns were generily similar to the -

other springs with highest catches of adult fish generally occurring

in the springneads and lowest in the marshes. Least chub young-of-the-

year tended to be more common in the channel and marsh below Spring 1 0

than in the springhead (Table 26).

Activity Patterns

The trapping scheme employed was not specifically designed to

reveal diurnal activity patterns of fish. However, trapping in the

Spring 1 system was generally patterned on a day-night basis. *

780
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Table 21. Catch per unit effort for least and Utan chubs and total
numbers sampled in Spring 1 and associated areas, July 16-18,
1980.

Total

Y-0-Y Adult sample
Time fisn/hr. fish/hr. size

Day (in/out) (LC/UT C) (LC/UT C) (LC/UT C)

Trap i 7/16 1620 .4/.3 14.5/.4 252/7
0930

Trap 2A 7/16 1615 0/0 12.5/.4 247/8
1205

Trap 4 7/17 1235 17.5/.6 5.2/0 74/2
1550

7/17 1550 6.9/0 .9/0 35/0
2015

7/17-7/18 2015 1.9/0 1.8/0 44/0
0810

Trap 5 7/17 1238 32.29/.6 13.7/0 151/2
1605

7/17 1605 4.2/0 .5/0 20/0
2020

7/17-7/18 2020 1.4/0 .6/0 24/0
0825

Trao 6 7/17 1240 13.1/0 0/0 49/0 *
1620

7/17 1620 4.8/0 0/0 19/0
2025

7/17-7/18 2025 .1/0 .7/.l 9/1 -•
0835

Trap 6 7/17 1245 .8/.3 22.1/0 86/1
1630

7/17 1630 1.3/2.5 34.0/0 141/10 *
4 2030

7/17-7/18 2030 2.1/0 4.8/.6 85/7
0440
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Table 21. Continued

Total
Y,0-Y Adult sample 9

Time fish/hr. fish/hr. size
Day (in/out) (LCiUT C) (LC/UT C) (LC/UT C)

Trap 9A 7/17 1245 .3/0 0/0 1/0
1640 *

7/17 1640 3.0/0 .8/0 15/0
2040

7/17-7/18 2040 .1/0 0/0 1/0
0855

Trap 10A 7/17 1245 1 .5/0 .8/0 9/0
1642

7/17 1642 7.3/0 1.5/0 35/0
2050

7/17-7/18 2050 10.9/0 .4/.1 136/2
0858

* S

I 5 5
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Tanle 22. Catch per unit effort for least and Utah chubs in Spring 1
and associated areas, August 20-21, 1980.

Total
Y-0-Y Adult sample

Time fish/hr. fish/hr. size
Day (in/out) (LC/UT C) (LC/UT C) (LC/UT C)

Trap 2A S/20-21 1730 .1/0 6.3/.7 99/10
0900

Trap 2 8,'20-21 1730 .,/1.4 I0.8/I.3 169/50
0900

TraQ 3 8,21 1400 23.2/.2 ./0 144/1
1955

8/21-22 1955 .2/0 .2/0 6/0
0025

8/22 0025 1 .7/0 2.3/0 26/0
0703

Trap 4 8/21 1400 19.8/.3 6.0/0 155/2

2005

8/21-22 2008 4.2/.4 2.0/0 28/0
0028

8/22 0028 1.4/0 2.0/.2 22/1
0705

Trap 5 8/21 1404 20.5/0 3.4/0 149/0
2015 S 0

8/21-22 2015 2.6/0 4.9/0 32/0
0030

8/22 0030 5.1/0 2.9/.5 52/3
0707

Trap 6 8/21 1405 2.3/0 0,,'0 15/C
2036

8/21-22 2036 4.0/0 1.8/0 23/0

0040 0

,22 00: .5/0 2/0 3/C.
0711

* ,0 0
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Table 22. Continued

Total
Y-O-Y Adult sample

Time fish/hr. fish/hr. size
Day (in/out) (LC/UT C) (LC/UT C) (LC/UT C)

Trap 7 8/21 1410 9.4/0 .2/0 60/0
2030

8/21-22 2030 2.1/0 0/0 9/0
0045

8/22 0045 1.1/0 .2/0 8/0
071 6

Trap 8 8/21 1410 11.3/.5 1.2/0 53/2 5

2036

3/21-22 2036 0/0 .2/0 1/0
0048

8/22 0048 1 .1/0 .8/0 12/0 5

0718

Trap 9A 8/21 1410 29.2/0 7.1/0 154/0
2037

8/21-22 2037 4.0/0 .2/0 18/0 S
0049

8/22 0049 3.1/0 0/0 20/0
0719

Trap IOA 8/21 1410 61.4/.5 5.6/0 285/2 *
2038

8/21-22 2038 2.4/0 0/0 I0/0
0050

8/22 0050 .8/0 .2/._ 6/1 --*
0720

* 4
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*' Table 23. Catcn per uni* _,,ort for leat and Utan chubs in Spring1

no ded areas, September 17-19, 1980.

C Total
Y-0-Y Adult sample

Time fish/hr. fish/hr. size
Day (in/out) (LC/UT C) (LC/UT C) (LC/UT C

Trap 1 9/17-18 1635 0/.4 12.9/.2 232/11

1029

9/18 1106 .4/0 71.3/1.1 394/6

1630

9/18 1650 4.4/.4 65.2/0 174/1
1918

9/ 18-19 1951 0/.1 1.3/0 15/1
0720

Trap 2A 9/17-18 1635 0/0 0/2.4 0/42
0945

9/18 1110 0/0 10.2/.4 51/2

1605

9/18 1650 0/0 .4/.4 1/2

1912

9/18-19 1950 0/0 0/.2 0/2
0715

Trap 2B 9/17-18 1635 .2/0 0/.3 4/6
*1022

9/18 1110 29.0/0 1 .0/1.6 150/8
1615

9/18 1650 .4/1 .3 39.1/.9 89/5
1913

9/18-19 1950 0/0 0/1.5 0/17
0715

Trap ' 9/17-18 -

" 9/18 1150 2.8/0 16.4/.8 101/
,655

713
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Tabie 3. Continued

Total
Y-0-Y Adult sample *

Time fish/hr. fish/hr. size
Day -(in/out) (LO/UT C) (LC/UT C) (LO/UT C)

Trap 4 9/18 1700 2.4/.8 332,2/0 89/2
1925

9/'18-19 1947 G/ 0 .1/.1 1/1

Trap 5 9/17-18 13 12 2.2,1.1 154/4

9/ 18 121 0/0 249/0
1 700

9,/18 1710 2C.9/0 183/0
1930

9118-19 1947 2.61/."1 2.8/.1 62/10 0
0721

Trap 9A 9"17-18 1635 .7/0 .1/0 16/0
1220

91 1230 .8/0 0/0 4/0 *

1.9/18 1720 1 .8/0 .4/0 5/0
1937

9/i8-19 1942 .3/0 0/0 3/0 *

0725

Trap 9B 9/17-18 -

9/1,8 1230 0/0
171 5

9/18 1720 -9/0 0/0 2/0
1937

,1-91942 0/0 .1/0 1/0

P) 7
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Table 23. Continued

Total
Y-0-Y Adult sample -

Time fish/hr. fish/hr. size
Day (in/out) (LC/UT C) (LC/UT C) (LC/UT

Trap 10A 9/17-18 1650 .5/0 .6/0 20/0
1220

9/18 1230 3.4/0 .4/0 18/0
1720

9/18 1720 .4/0 .4/0 2/0
1940

9/18-19 1942 .2/.1 .8/0 11/1
0725

Trap lOB 9/17-18 -

9/18 1230 1 .5/0 .4/0 9/0 *
1720

9/18 1720 .9/0 .9/0 4/0
1940

9/18-19 1942 .3/.1 .2/.3 6/4 *
0730

738
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Table 24. Water quality at eight trap locations below Spring 1,
August 21 and 22, 1980.

Temp. D.O. Cond.
Day Time (OC) mg/l ph (umhos)

Trap 3 8/21 1400 18.0 5.2 7.6 260

1955 16.0

8/22 0025 12.5 4.0 7.6

8/22 0703 11.5 3.7 7.5

Trap 4 8/21 1400 18.5 3.4 7.5 380 • S

2005 15.0

8/22 0028 12,0 2.8 7°5

8/22 0705 11.0 3.5 7.5

Trap 5 8/21 1404 20.0 4.1 7.6 375
2015 14.0

8/22 0030 12.0 4.7 7.6

8/22 0707 11.5 4.0 7.4

Trap 6 8/21 1405 21.5 4.8 7.7 385

2036 14.0

8/22 0040 12.0 5.2 7.6

8/22 0711 11.2 4.2 7.5

Trap 7 8/21 1410 29.5 5.7 7.6 415

2030 16.0

8/22 0045 11.5 4.8 7.6

8/22 0716 10.0 5.2 7.6

7 9
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Table 24. Continued

Temp. D.O. Cond.
Day Time 0C) mg/l pH (umhos) _

Trap 8 8/21 1410 24.5 4.0 7.6 600
2036 22.0

8/22 0048 16.0 1.7 7.4

" 8/22 0718 11.0 2.2 7.3

Trap 9A 8/21 1410 30.0 8.4 8.2 490
2037 21.0

8/22 0049 13.5 2.8 7.5

8/22 0719 10.5 1.7 7.3

Trap 1OA 8/21 1410 26.0 8.8 8.2 485

2038 21.5

8/22 0050 13.0 3.0 7.5

8/22 0720 10.0 4.9 7.4

790

790
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Table 25. Water quality at nine trap locations in Spring 1 and

vicinity, September 17-19, 1980.

Temp. D.O. Cond.
Day Time (°C) (mg/l) pH (umhos)

Trap 1 9/17 1635 14.0 3.2 7.5 380

9/18 1630 14.0

9/18 1918 14.5

9/19 0720 13.0

Trap 2A 9/17 1635 16.0 4.1 7.7 400

9/18 1605 16.0

9/18 1912 15.0 .

9/19 0715 13.0

Trap 2B 9/17 1635 16.0 4.1 7.7 400

9/18 1615 16.0 •

9/18 1913 15.0

9/19 0715 13.0

Trap 4 9/18 1655 17.0

9/18 1925 15.0

9/19 0720 13.0

Trap 5 9/17 1635 17.0 5.4 7.7 430

9/18 1700 17.0

9/18 1930 15.0 *

9/19 0721 12.0

791
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Table 25. Continued

Temp. 0.0. Cond.-

Day Time (C) kng/1) pH (umhos)

Trap 9A 9/17 1640 27.0 17.4 8.8 490

9/18 1715 20.0

ra9/18 1937 17.0

9/19 0725 12.0

trap 9B 9/18 1715 20.0

9/18 1937 16.5

9/19 0725 12.0

*Trap I0A 9/17 1650 25.0 20.0- 9.0 480

9/18 1720 20.0

9/18 1940 17.5

9/19 0725 12.0

Trap 10B 9/18 1720 20.0

9/18 1940 18.0

9/19 0730 12.0

792
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Table 26. Average catch/unit effort for all traps
and months for 4 major areas around
Spring 1. 5

Catch/unit effort

Y-0-Y Adult
fish/hr. fish/hr. S
(LC/UT C) (LC/UT C)

Spring 1.1/.4 13.0/.8
(TI, 2A, 2B)

Channel 10.8/.l 5.9/.l
(T3, 4, 5, 6)

Marsh-Open Water 3.0/.23./l
(T7, 8, 9A, 9B)

Marsh-Bullrushes 9,7/.l l.l/.l
(Ti0A, l0B)

0

793
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Insufficient numbers of Utah chubs were collected to form a good

estimation of any activity pattern, althougn adult Utah chubs were

most frequently collected at night. Total catch rates of least chubs

for afternoon and nighttime periods is sumarized in 7able 27. Traps

in which fish were captured in low numbers (<10) during all time
* 0 n

periods were omitted to eliminate biasing due to low populations.

Trapping showed least chubs to be much more active during daylight

periods than at night. Catch rates for afternoon periods were 7 to 30
* Si

times higner than catch rates for the following night. Trapping was

not intensive enough to establish minimum or maximum activity within

the daylignt-dark periods.

Mark and Recapture

A total of 104 Utah chubs were tagged with numbered fingerling

tags during the course of the study (Appendix II). Several were re- 0 0

captured, but never enough to form population estimates and they were

always recaptured in the same spring in which they were tagged. -

Least chub were fin clipped at selected areas in the Spring 1

system during September. One hundred thirty-two fish were clipped and

then trapped during subsequent time periods. In the southwest arm of

Spring 1, 32 of the original 81 fish clipped were recaptured, per-

mitting an estination of the total population in that area. Using the

riark and recapture formula, an estimate of 1012 fish with a standard

error of 13, was derived. The only movement of fish observed was one

0 0 0

794
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Table 27. Catch rate (fish/hr.) of least chubs for selected times and
sites in the Spring 1 system, July, August, and September
1980. *

Early afternoon Late afternoon Night

1230-1600) (1600-2030) (2030-0830)

July 0

Trap 4 22.7 7.8 3.7

5 46.0 4.7 2.0

6 13.1 4 8 0.8 0 0

8 22.9 35.3 6.9

Mean 26.2 13.2 3.4

Mid-late
afternoon Early night Late night
1400-2000) ( 2000-0025) 0025-0700) 0

Auaust

Trap 3 24.0 0.4 4.0

4 25.8 6.2 3.4 *

5 23.9 7.5 8.0

6 2.3 5.8 0.5

7 9.6 2.1 1.3 -

8 12.5 0.2 1.9

9A 36.3 4.2 3.1

lOA 67.0 2.4 1.0

Mean 25.2 3.6 2.9

795
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Table 27. Continued

Early Late 0

afternoon afternoon Night
(1100-1630) (1630-1915) (2000-0730)

September

Trap 1 71.4 69.6 1.4 0 0

2A 10.2 0.4 0

2B 30.0 39.5 0

4 20.2 35.6 0 0 0

5 52.4 81.3 5.4

Mean 36.8 45.3 1.4
* 50

79
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adult least chub clipped in Spring 1 was captured at Trap 5 in the

channel below.

Food Habits

A total of 45 Utah chubs and 30 least chubs were analyzed for

stomach contents (Tables 28, 29, and 30). Only one large Utah chub

(50 mm) was observed with any significant stomach contents. Smaller

Utah chubs (11-50 rn) contained a variety of food items. Zooplankton

was the most frequently occurring food item during June and July and

often comprised over 90% of the food intake. Four least chub acciden-

tally killed in June were analyzed for stomach contents. These fish

were also found to be feeding primarily on zooplankton. Stomach

analyses performed on least and Utah chubs collected in August and

September showed a pronounced shift in food habits. Botn least and

Utah diets were found to be composed almost entirely of detritus,

filamentous green algae and diatoms.

Reproduction

Only one instance of possible spawning behavior for least chubs

was noted. This occurred in June at Spring 4. The difficulty of ob-

serving such behavior under the field conditions present was the main •

reason for the lack of sightings. Numerous least chub males in

breeding colaration, however, were observed in June through September.

No Utah chubs were observed spa ning. One gravid female, however, was 0

collected from Spring 6 in July.

797
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Taele 2. Average ' volume of food items in diet of Utah chub 750 r,.

*0

Fish -

Averaoel with -
Collection Sample stomach empty

site and date Time size fullness stomachs 0

Spring 8
6/19/80 2040 2 0 2

Spring 1 0
7/i 7/80 1000 5 0 4

Spring 1
7/17/80 1015 1 0

Spring 10
9/17/80 1130 2 0.5 1 1.0 60.0 40.0

!Includes fish with empty stomachs.

0
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DISCUSSION

Water Quality

The Leland Harris Springs complex was composed of a number of

different aquatic habitat types. Springs in the area ranged in size

from .5 m to 10 m or more in diameter. Some springs occurred as

isolated pools with no surface outlets (e.g., Springs 6, 7, 8) while

others exhibited measurable flow and were connected with the marsh --

or pond areas they sustained via distinct channels (e.g., Springs 1

and 5). Springs exhibited cool stable temperatures, relatively low

conductivity and only moderate variation in dissolved oxygen. Marsh

and pool areas exhibited wide diurnal fluctuations in dissolved oxygen

due to their highly productive nature. Extreme daily temperature

flctuations (15-32°) also occurred due to the low volume to surface

area ratio of these shallow areas. Hubbs et al. (1967) and Soltz and

Naiman (1978) noted similar conditions for other desert spring and

marsh systems.

Other water quality parameters measured during this study were

relatively uniform and showed the springs to be moderately basic and

alkaline with relatively hard water. Chloride and sulphate concentra-

tions were only moderate, as was conductivity. Water quality parameters --

generally conformed with those reported by Workman et al. (1979) and

Crawford (1979) for the area.

8 0
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Phytool ankton-Peri phyton

Phytoplankton communities in Springs 1 and 4 were not markedly

different. Densities and species diversity values were roughly com-

parable though Spring 4 exhibited a much larger peak density in August

than Spring 1. Species present included some planktonic forms though

most could be characterized as benthic or tychoplanktonic (inhabiting

shallow water in association with other vegetation). Species assem-

blages in the periphyton communities were also relatively similar in

Spring 4 and the shelf of Spring 1, and closely resembled the phyto-

plankton in terms of species ?resent. It is probable that the phyto-

plankton in fact was composed primarily of components of the periphyton 0

entrained into open water by turbulence or other factors. The primary

difference in periphyton communities between Spring 1 and Spring 4 was

the lack of any periphyton development in Spring 1 except on the narrow

shelf areas of the spring which composed less than 25% of the spring

bottom.

* S

Macroinvertebrates and Zooplankton

Benthic macroinvertebrate density and diversity was greater in

Spring 4 than Spring 1, a result of the greater number of microniches

and higher production in Spring 4 (Margalef 1968). Overall diversity

levels were relatively high, particularly in Spring 4, for macroinverte-

brate conriunities in this study. This, however, is somewhat misleading _

since most of the diversity was in Chironomidae. Chironomid larvae in

802
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this study were keyed to genus, a practice which is not yet common

(Coffman 1978). Higher diversity values resulted from the subdivision. .... _*

of this taxa which is often treated in the literature only at the

family level.

Zooplankton samples collected with a Van Dorn bottle from open

water yielded essentially no zooplankton. Net tows made for compari-

son also yielded no organisms. However, zooplankton were present as

evidenced by their presence in fish stomachs. Crawford (Personal com-

munication) indicated that they were occasionally abundant in the marsh

below Spring 1. It is probable that predation by the large numbers of

fish in the springheads has eliminated zooplankton from the open water

areas. In addition, most of the forms collected were types typically

inhabiting littoral habitats rather than open water, planktonic areas.

Fish Distribution and Abundance

Populations of least chubs (Iotichthys phlegethontis) and Utah

chubs (Gila atraria) occurred throughout the Leland Harris complex. 
0

Most fish were widely dispersed throughout the pond and marsh areas

and absent from springheads in June. During July, greatly increased

numbers of fish were caught due primarily to the fact that many fish -- 0

keyed in on the springheads and concentrated in them, thus making them

easier to catch and observe instead of being widely dispersed through-

out the marshes and ponds. Fish remained concentrated in the

803



springheads during August and September, although some movement away

from the springs was noted in September. -.

The high utilization of springheads by fish in July, August, and

September in Study Area I was apparently related to extreme temperature

re and oxygen fluctuations which occurred in the less stable marsh and "

pond areas. Temperatures in the shallow open waters ranged from lows

of 150 C to highs of 320 C. Concentrations of dissolved oxygen ap-

proached 0 near dawn, with supersaturation occurring during the day.
I*

Factors limiting fish use of the open water areas were apparently high

daytime temperatures and low dissolved oxygen concentrations during the

night and predawn period. Springheads, by contrast, maintained rela-

tively stable physical environments and provided a refuge from the

extremes occurring in open water areas.

Fish usage of Spring 1 also was high during July, August, and

September. However, least chubs, particularly young-of-the-year, con-

tinued to utilize the outflow channel extensively and marsh areas to a .

lesser extent. Most fish in marsh areas were found in microhabitats

such as among emergent vegetation or along seeps rather than in open •

water. Both microhabitats apparently modified extremes of the open

water areas enough to allow survival of fish. Crawford (1979) noted

* a similar migration of fish from the marsh below Spring 1 to the spring- -

head although a few fish could always be found in the marsh. She

stated that the spring provided relatively constant temperatures,

• water levels, and chemical conditions but had no cover, inadequate *

* 8
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food, limited space, and no vegetation to spawn on. Although the -

marsh supplied these essentials, it exhibited large chemical and

physical fluctuations and was subject to desiccation.

Least chubs exhibited a diurnal activity cycle during this study.

Activity as determined by catch rates in traps was apparently light

initiated and dark inhibited. Oxygen was not thought to be an im-

portant modifying factor in reducing night activity of fish since it

remained relatively constant in the springheads. Also, least chub

activity was found to be similarly reduced in springheads and marsh

areas during the night despite wide differences in the amount of dis-

solved oxygen fluctuation. Deacon and MincKley (1974) reviewed activity

cycles of fish and stated that most desert fish, particularly those 0 0

living in springs are visually oriented and are thus diurnal. Not

enough data were available to construct an activity pattern for Utah

chubs, but there were some indications that at least larger Utah chubs

might be light inhibited; further research is necessary.

Population Structure and Reproduction

Length-frequency histograms for least chubs for June, July,

August, and September show two distinct year classes and a possible

third. Those fish under 30 mm total length represented immatures * •

spawned that season. Those between 30 and 50 mm were 1 year old fish;

a few fish were caught which measured over 50 mm. These may represent

3 year old fish which is the maximum age that least chubs are reported

to attain (Crawford 1979, Workman et al. 1979).
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Length-frequency histograms for Utah chubs in June and July

presented a more confusing picture primarily due to sample size.

Numbers of fish collected and measured in June were relatively small

and the length-frequency histogram constructed from it was inadequate

to make a good estimate of population structure; only the young-of-

the-year show clearly. Larger numbers of Utah chubs were collected

in July and, though the length-frequency histograms generated from ""

them was still inadequate to describe the complete population structure,

it shows the young-of-the-year class well. Histograms for August and

September show the young-of-the-year class as well as one year fish

and an undetermined number of older age groups.

The slow increase in average size of recruitment least chubs

compared to rapid jumps in size of recruitment Utah chubs can be

attributed to the fact the least chub spawn through the entire summer

when conditions are favorable (Crawford 1979) and thus the average size 0

of recruitment fish is constantly being influenced by the addition of

new young fish. Utah chubs, however, apparently were spawned over a

*more limited time period and thus average size of the recruitment class

increased substantially each month.

Because least chubs spawn inside thick mats of algae and

vegetation (Crawford 1979), no least chub were actually observed -

spawning. However, males which exhibited sexual dimorphism were

commionly collected from June through September and a large young-

of-the-year class was present. Studies by Crawford (1978, 1979) *
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indicated that peak spawning in Leland Harris Springs complex in 1977

occurred in early May. Intermittent spawning, however, occurred from

April through August. Crawford (1979) also stated that least chub

have reproductive strategies that are well adapted to Leland Harris.

They are not limited by appropriate spawning substrates since they

primarily require vegetation. The utilization of live vegetation is

an advantage for eggs and larvae since it provides a microenvironment

rich in oxygen and food. Also, unlike Utah chubs, least chubs mature _ -

in one season and the reproductive effort is such that small numbers

of ova are produced for an extended time period. This adaptation

allows for larger, stronger larvae produced over an extended time

period. Production of young in this manner reduces chance loss of

the total recruitment class due to unpredictable environmental fluctua-

tions.

Less information is available on Utah chub reproduction at Leland

Harris. Utah chubs apparently spawned over a shorter period than "

least chubs as indicated by growth of the recruitment class. It is

also possible that Utah chubs may reproduce earlier than least chubs 0 0

though this is uncertain. Crawford (Personal communication) stated

that she found no evidence of Utah chubs spawning in the same areas

as least chubs (marsh below Spring 1). She speculated that Utah chubs - S

might be spawning in waters with better water quality.

" 0
4
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Food Habits

Only one large (50 rmm+) Utah chub contained any significant

amount of food. The low incidence of large Utah chubs feeding is a

probable reflection of low sample size and the fact that large Utah

chubs occurred in springheads where food was often limited. 0

Diet of smaller Utah chubs (<50 mm) and least chubs was almost

identical for each month studied. Fish collected in June and July

fed almost exclusively on zooplankton though limited amounts of algae S

were also consumed. However, in August and September, least and Utah

chub diets consisted of only small amounts of zooplankton and insects.

Primary food items were long strands of filamentous green algae,

diatoms, and detritus. Workman et al. (1979) reported a similar shift

in diet for Utah chubs in 38 desert springs from spring to sunmmer. In

addition, he collected 48 least chubs from the Leland Harris complex

between July and January in which he found zooplankton, chironomids,

and diatoms to be important dietary components. Leser and Deacon

(1968) also reported shifts in diet during the summer for Nevada pup-

fish. Algae and crustaceans dominated during the spring, algae in the

summer, and gastropod molluscs in the fall. Organic and inorganic

debris (detritus) were present throughout the year but significantly
* 0

so in the summer. Deacon and Minckley (1974) summarized findings of

other authors and stated the relatively heavy use of indigestable algae

in at least Cyprinodon nevadensis nevadensis may be the result of a

scarcity of other foods or other factors that place the fish under

nutritional stress.
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Stomach analyses performed on least chubs collected at the same

time from the southwest arm of Spring 1 and the marsh below showed

that fish in the springhead with an average stomach fullness of .1 -

had essentially not been feeding. Least chubs collected in the marsh

exhibited an average stomach fullness of 1.0. Diet was approximately

50% filamentous green algae and 50% detritus.

Least and Utah chubs in the Leland Harris complex were basically -

opportunistic feeders. Diets of the fish were probably related to * S4

snasonal changes in the abundance or availability of food items.

Lack of feeding by some fish in relatively sterile springheads without

periphyton development can best be attributed to simply the lack of

food in these areas. Crawford (1979) similarly stated that Spring 1

provided refuge for fish during certain periods but was devoid of

food.

* 0
Diets of least and Utah chubs in this study evidenced a great deal

of overlap. Hynes (1970) indicated that when species of fish exhibit

very similar diets, they are often not directly competing since that

food resource is generally present in non-limiting amounts. 0 5

8 0
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RECOMMENDATIONS

Manaaement

1. Fencing of the area around Spring 1 is strongly recommended.

Spring 1 contains one of the largest known populations of 0

least chubs in the complex during the summer. Bank damage

resulting from livestock is extensive and should be con-

trolled.

2. Introduction of any exotic species such as largemouth bass

should be discouraged as much as is possible. The relative

isolation of the area should be an advantage in this respect. •

3. Any active withdrawal of water or lowering of water levels

in the complex should be discouraged until specific studies

are made to ascertain the impact of such withdrawals.

Research

1. Continuation of baseline data gathering on a seasonal basis

until a minimum of one year of data is obtained.

2. Based on information gathered in baseline studies, field

studies should be designed which specifically test hypotheses

concerning activity patterns and competition between least

chubs and Utah chubs and which test the factors controlling

their distribution within the Leland Harris complex. Design

of studies to examine critical areas in such a fashion will 5

•
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allow the use of statistics as a quantitative tool rather

than as a descriptive one, a case in which test statistics -AD

are usually inappropriate.

3. Further searches for other areas containing least chubs

is encouraged. We consider the report by Workman et al. 40

(1979) to be insufficient in this respect.

3 1
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0 LIST OF TAGGED FISH

Collection
Species Length site Tag No.

July

Utah Chub 106 Spring 6 801

99 01 802

5'68 It 804

88 "805

98 Spring 8 878

115 81879

SI83 it 880

92 go881

88 is882

It89 It883

94 "884

Be81 885

It95 886

II93 887

86 888 0

94 it889

95 of890

*107 to891

it115 it892

119 61 893F.I 92 It894

820



List of Tagged Fish (Continued)

Collection
Species Length site Tag No. . . 0

July (continued)

Utah Chub 100 Spring 8 898

105 "899

August

Utah Chub 100 Spring 1 600

106 " 613

104 " 650

112 " 660
* Si

105 661

112 683

" 90 " 807

" 110 " 852

97 853

109 " 854

94 " 857 5

89 861

131 Spring 2 855

78 Spring 5-B 850 S O

73 868

73 " 869

72 " 870 *

77 " 871

94 " 872

8 2

821

• •!



List of Tagged Fish (Continued)

Collection

Species Length site Tag No. _AL.

Auoust (continued)

Utah Chub 75 Spring 5-B 873

72 874

" 86 875

85 876

95 Spring 6 858

84 " 859

" 97 " 860

89 " 862 0 0

89 " 863

86 Spring 8 864

" 95 " 865

102 866

87 888

September 0 0

Utah Chub 87 Spring 1 616

100 " 620 0 _

86 " 628

93 632

95 636

" 74 639

77 641

822
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List of Tagged Fish (Continued)

Collection

Species Length site Tag No.

September (continued)

Utah Chub 95 Spring 1 646

100 "665

ill 668

It78 685

to80 "698

It110 "827

If92 "831

of84 5'835

It103 836

108 "838

93 Spring 5 811

92 "812

82 "813

* 0
76 "814:-

95 '815 .~~:
It88 816 ~'

to79 '817

to83 "818

it 77 of 819

80 "820 5

81 "821

823



List of Tagged Fish (Continued)

Collection C S
Species Length site Tag No.

September (continued)

Utah Chub 76 Spring 5 830

80 850

91 808

84 " 809 0 S

95 810

81 832

" 84 833 0 0

80 851

" 77 i 856

105 Spring 8 822

101 i 823

It97 824

" 93 " 825
0 0@

" 86 " 826

99 Spring 10 631

73 " 679

i 84 " 691

71 8 828

" 93 " 829

524
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PARTIAL VERTEBRATE SPECIES LIST FOR LELAND HARRIS SPRINGS COMPLEX

Commnon Name Scientific Name

Reptiles

ci Northern Black Racer Coluber constrict"or constrictor

c Wandering Garter Snake Thamnophis elegans vagrans

o Great Basin Gopher Snake Pituophis melanoleucus deserticola

Amoihibians

C Northern Leopard Frog Rana pipiens

I o -occasional; c -commnon.
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APPENDIX C

INDIRECT EFFECTS INDEX FOR IMPACT ANALYSIS

Many impacts of development projects are caused not by the construction or
operation or the project itself but by the long- or short- term population increases
associated with the project. These indirect impacts would include increased
pressure on hunting, fishing and other recreational resources, and cannot be easily
predicted. A model to estimate these indirect impacts has been developed to assess
effects of population growth on recreation and use of natural landscape. 0

Dyer and Whaley (1968) developed a model for predicting use of recreation
sites. They attempted to account for distance from origin to recreation site,
competing facilities, degree of urbanization of origin, age, occupation and income of
the people. Regression models using parts of their general model were able to
account for up to 74 percent of the variance about predictions of stream use, and 57 0 0
percent of the variance about prediction of campground use.

However, a regression model is inadequate for prediction of future use if no
history of use is available. It is possible to develop a theoretical model that will be
sensitive to population levels and distribution of impacts about population centers.
Impacts around population centers are expected to decrease with distance and two 0 S
general distributions are most frequently used: gravity models and normal
distributions. Gravity models are based on the assumption that influence of a
population center falls off as the inverse square of distance (Reilly 1929, Huff 1963).
These models can be modified to incorporate intervening opportunities. This
analysis is founded on the assumption that recreation impacts about a population
center would be normally distributed with distance, rather than an inverse square
relation.

The model developed and a preliminary validation of it are discussed below.
The model is applied to analysis of potential indirect impacts of operating base (OB)
sites in the Nevada/Utah M-X project area. Five sites have been selected for
possible 0B sites in seven alternative combinations of two bases each. The model is
used to evaluate the potential indirect effects of the base pairs in each alternative.

THE MODEL

Assumptions

The model is based on the general assumption that all measurable impacts
would be normally distributed about the OB centers. That is, one would expect a
bell-shaped distribution of impacts. Second, it is assumed that most of the impact
would occur within 100 air miles from the OB site. Third, the degree of impact is
proportional to the population of the OB site. And finally, certain resources attract
more people than others. That is, people are willing to travel farther to visit some 0
areas than others. The model takes these assumptions into account.

The model gives an index of effect described by a nonlinear function of
distance that is a modified form of the Normal (1J,(7) density function. This model
has a mean of zero and a standard deviation of 35. Thus, approximately 68 percent

• S]

827

PS



of the population-related indirect impacts would occur within 35 mi (one standard
deviation), 95 percent of the impacts would occur within 70 mi, and 99 percent of
the impact related to a given OB site within 105 mi.

The function is adjusted to OB population levels by the simple expedient of
multiplying the normalized function by the OB population. A perhaps more realistic .
approach would have been to quantify the population density khumans per hectare),
and model that population density directly. However, for several reasons, this
procedure was not possible and would have required many more assumptions that
could not be validated. The function developed is an index relating the distribution
of the population impacts to population size, but cannot be construed as an estimate
of the population density at any point. This approach gives an effect index that I 5
varies by many orders of magnitude. Close to the population center of say 20,000
people, the index will approach 20,000, and will approach 0 at the 4th standard
deviation from the population center.

It is also necessary to account for the attractiveness of resources. This is
easily done by multiplying the standard deviation, a, by a factor, called the appeal S
rating, which takes values of 1, 2, or 3 and is based on travel distance to the
resource. If a resource has an appeal such that a person would travel up to 200 mi
solely to visit it, it would be given an appeal rating of 2. If a person would travel
300 mi or more to visit that resource, then the appeal rating is 3. Otherwise the
appeal rating is I. This has the effect of doubling or tripling the spread of the
function. The appeal rating is relatively easy to assess. Lake Mead, for example,
has an obvious appeal rating of 3 since many people travel up to 300 mi to use Lake
Mead's recreational resources. Wheeler Peak has been assigned an appeal rating of
2, but if it should become part of a national park and thus receive greater publicity,
the rating might be upgraded.

.U The Equations

The effect index for a single population center j on resource i is given by
equation I below:

@1 E.= ex 1 j )]

where

Eij - Effect index of OB j on resource i.

X., = Distance from OB site j to resource i.

Mean of distribution (G=0).

S- Primary Primary standard deviation of the function o =35).

P. Long term population of OB.

A i  Appeal rating

828
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Equation 1, evaluated for several population levels and 120 mi is illustrated in
Figure C-I. Because the basing alternatives call for two bases, it is possible that
their influence will overlap. This is given by evaluating equation I for both OB sites
and summing (Figure C-2). A combined effect index using the mean distance
(equation 2) is used for most of the analyses discussed below:

9]E Px
= Eexp - _ -_P

j=l A iO• _

where
Eik Combined effect index of Alternative k on resource i.

xi Mean distance of resource i from OB siting.

All other symbols same as in equation (I).

As pointed out above, this index is an ordinal ranking index for use in
estimating the relative impacts of a given population center on a specific resource.
While the numbers vary by many orders of magnitude, a difference of five orders of 0 S
magnitude implies that the site with the higher value will be more heavily impacted
but does not imply that one site is five times as heavily impacted as another. In
fact, it may well be that only very large effect indexes are significant for most
resources. Perhaps the best way to view the effect index is as an independent
variable in regression analysis. This is discussed below.

* 0

VALIDATION

The model was tested using the results of a survey of fishing preferences by
the State of Nevada (Anon. 1979). These data provided estimates of the number of
anglers, angler days, and county of origin. Appeal ratings were assigned to 69
streams and 60 lakes, and effect indices were computed for each fishing site 0 S
relative to home county using equation (I). These raw data are given in Table C-I.

The appeal rating of the specific resource was initially assigned without
reference to the perceived appeal of the user. Appeal was ranked on a relative use
criteria, using all fishing data aggregated. Resource rank was assigned as follows:
(1) resources with users from only one county; (2) resource sites with users from S
more than one county and with no county contributing more than 1,000 anglers, and
(3) resource sites with one or more counties contributing more then 1,000 anglers to
the angler use total. Through initial analysis it was found that the assumption of
appeal-index assignment without regard to the availability of a like-resource near
the population source did not accurately reflect user preference. The appeal ratings
were then modified to more closely reflect county by county use data. No hard and . 1
fast criteria, like those initially used, were set. Appeal ratings were varied by
inspecting raw use data and calculated residual values, as well as the knowledge of
local resource availabilities. Further modification of appeal indices, based on
attempts to minimize residual values, did not enhance the predictive value of the
model or statistical significance of results.
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Stepwise regressions were run on the data using models: y~a+bE+cE 2 +dE3 ,

The regression coefficients and some statistics are given in Table C-2. The effect
index alone was sufficient to account for up to 65 percent of the variance about the
prediction of number of anglers on a given stream or lake. A distance times effect
index cross product was included to predict angler days from effect index. The
rationale for this step was that people would be more inclined to camp at more -
distant sites, giving a larger ratio of angler days to anglers.

Equations 4-8 in Table C-2 were obtained by adjusting the appeal rating for
intervening opportunities. Fishermen tend not to bypass nearby high-appeal streams
for one more distant. The representation of appeal rating as A(jj)* was the only

change made in equation I. It would be possible to modify equation I to better
predict angler days. Also, there were differences between the use of lakes and
streams. However, the results presented indicate that the model could be used to
generate predictions of resource use and environmental impacts.

ANALYSIS OF OB SITING ALTERNATIVES

Input Data

The long-term population figures for operating bases used in the analysis were
computed using the October 15, 1980 estimates used throughout the DEIS (ETR-2,
ETA-28). These estimates have increased slightly since then, but the difference is
not great enough to significantly change the output of the model. Population
estimates were provided by county for each of the six Nevada/Utah alternatives and
the Proposed Action. Two options were provided using two different baseline
populations. One used extrapolated concurrent population growth with M-X as well
as the other large future projects expected in the same counties. The other option
used normal extrapolation of past growth and project increase due to the M-X
project only. The latter option was used because the population estimates were
higher and provided the so-called worst case analysis.

For each project alternative, baseline population and projected increase for
the counties affected by the first and second OBs from the start of project
construction in 1982 to the end of the construction and into a stabilized operations 0
period by 1994 are given in Table C-3. The 1994 projected population increase for
the directly affected OB county was assumed to indicate the permanent operation
personnel numbers (i.e., long-term population) at the bases.

Distances were measured from the center of each OB site to the nearest and
farthest points in each hydrologic subunit. Appeal ratings were subjectively -
assigned to recreation and potential wilderness areas. Consultations with state
agencies, BLM, and other knowledgeable personnel were used in estimating appeal
ratings. The appeal ratings ranged from I to 3 as discussed above. The "attractants"
were first sorted out by hydrologic subunits using existing tables and distribution
maps. The highest rating determined for any "attractive" area in a given watershed
was then assigned to that watershed. This was done for all watersheds. *

Parenthentic notation subscript
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.1]
Table C-2. Regression equations and some statistics pertaining to prediction -1

of anglers and angler days from effect index.

Equation F Ratio R2

1. A = 22.1 + 0.0067E 66.5 *** 0.50
s

2. A I 2.2 + 0.045E - 4.2 x 10-7E 2  21.5 ** 0.43

3. Ads= 105 + 0.023E 30.6 ** 0.31

4. Ad 738.6 + 0.071E 24.2 ** 0.29

5. A 29.6 + 0.0038E' 126.1 *** 0.65
5

6. A 71.3 + 0.051E' -3.6 x 10-7E' 2  46.05 *** 0.62
-5

7. Ads = 67.3 + 0.043E' - 2.4 x 10 E'D 16.13 * 0.33

8. Adl = - 148.3 + 0.66E' - 4.2 x 10-6E '2  42.47 ** 0.45
-0.0016E'D 0.

T3962/10-2-81

A = Number of anglers fishing a given stream.s
A = Number of anglers fishing a given lake.

A Angler days on streams.
ds-

Adl = Angler days on lakes.

E = Effect index using a single appeal rating for each stream/lake.

E' = Effect index using adjusted appeal rating.

D = Air distance from home county to stream/lake.

= Significant at P = 0.01.

S = Significant at P = 0.005.

Significant at P 0.001.

8 3
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Table C-3. OB site long-term population.

Alternative Base \ Population Base B Population

0 Coyote 15,967 Milford 13,071

I Coyote 15,967 Beryl 12,834

2 Coyote 15,967 Delta 13,679 .•

3 Beryl 16,943 Ely 14,347

4 Beryl 16,943 Coyote 12, 195 --

5 Milford 17,221 Ely 14,347

6 Milford 17,221 Coyote 12,195

T 3987/9-5-8 1/F

• •0

* 0
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Results

Tables C-4 through C-1l show for each alternative (including the Proposed
Action, which is labeled Alternative 0) the OB pairs and their populations, the
resource locations, appeal indexes, the distances from the resources to each of the
basing sites, the individual effect indexes and the combined effect index. In Taoie • -. e-
3, for example, Snake Valley has an appeal rating of 3, ranges from 132 to 225 mi
(and a mean distance of 178.5 mi) from Base A; Coyote Spring is given an effect
index ranging from 7,245 to 1,607. Snake Valley is much closer to Base B, Milford,
(43 to 112 mi) giving effect indexes ranging from greater than 12,020 to 7,400. The
combined effect indexes of the two bases range from 19,300 to 9,000. Table C-Il is
produced by combining the last column (Average Combined Effects) from each of 0 -•
the preceding seven tables. The data in Table C-IlI were then sorted for combined
effects indexes greater than 10,000 and ranked in order of that effect index Table
11). -.- .

Conclusions and Disclaimers

This analysis considers only indirect potential impact of OB sites on
resources--and only the operational stage. Short-term impacts are not evaluated.
Nor are already existing impacts considered, but only those impacts which would be
added to the region as a result of the base construction and occupation. This may
not be reasonable in the case of Clark County where the additional impact of 20,u00
people may be negligible for many resources. In this case, the analysis may
overemphasize the impact of an OB site in or near an already populous region.

The split basing alternative (Alternative 8) was not analyzed because in an
ordinal ranking system, Alternative 8 would be the alternative with least impact,
since only one base would be located in the region rather than two bases.

0
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APPENDIX D

HUMAN IMPACT AND WILD HORSE BIOLOGY

4 -6INTRODUCTION

Land management agencies have paid little attention to the ecological role of
some species within the Great Basin Desert. Although many recent studies have
documented that species incurring reductions in habitat availability also experience
declining population levels, the single or combined effects of habitat alteration on 0 -
demography remains vague or unknown. In this report, various aspects of the
biology of wild (feral) horses (Equus caballus) in areas of potential M-X deployment
are projected based on 3 years of data collected on insular populations within the
Great Basin.

ASSUMPTIONS, BIOLOGICAL BASELINE CONDITIONS,
AND IMPACT PROJECTIONS

Prior studies of animal conservation have emphasized cause and effect
relationships involved with the responses of individuals to disturbances. Multi-
disciplinary approaches have included topics as diverse as competition theory,
bioenergetics, distributional patterns, adaptive trends, human aesthetics, and eco-
nomic rewards. Except for those latter two topics, each of which involve political
judgments, the prior four are based on principles of natural selection. Therefore,
they are predicated on Mendelian genetics and patterns of differential gene survival
over several (or many) generations. A biological approach based on genetic
inheritance to study environmental impact appears sound because: 1) it is widely
accepted among contemporary scientists; 2) it explains best the population biology
of most species; and 3) once baseline patterns are established, it can be used for
impact prediction.

In biological evolution, as in the economic world, perpetuating entities are
considered end (Nultimate") products simply because they are or recently have been
successful. The proximate mechanisms leading to such products are of interest
because they can be viewed as a means of evaluating and/or predicting the success
of such products.

For purposes of conservation and impact prediction, the demographic response
of a species can be viewed as an end product and, as such, it is the most important
item in terms of biological "currency." Stated simply, reproduction equals success.
Species capable of sustained or increased reproductive output are winners since
their populations will not experience local extirpations.

For most species, logistic difficulties preclude in-depth studies of the
effects of specific intrusions or the demographic responses of a species. Conse-
quently, extrapolations are made as to the: 1) projected long-term effects on a
population; or 2) the responses of other populations based on the study animals. In .
other words, extrapolations are common among scientists given that other factors
are equal. In this report, predictions concerning the long-term effects of M-X OB
sites (specifically those at Beryl/Milford) on horses are made using demographic,
behavioral, and ecological data from four study sites within the Great Basin Desert.
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METHODS

Feral horses were studied in a number of areas within, contiguous to, and
outside the M-X deployment area. Sites for long-term study (i.e., areas censused
three or more times periodically for at least two years) included: the Granite Range
(Washoe County), Fox Mountain (Washoe County), Division Peak (Washoe County),
and the Lava Beds/Seven Troughs Range (Pershing County). Sites studied for briefer
periods included: Stone Cabin and Ralston Valleys (Nye County), the Needle Range
(Beaver County), and Pine Valley (Beaver County). These latter two sites are
located in Utah.

A 20-60X spotting scope was used for field observations of individual animals
and groups throughout the year over a three year period. Social and maintenance .

behaviors, object flight distance, gaits, and distance traveled were observed andrecorded. A stop watch was used for timing animal activities.

RESULTS AND DISCUSSION

Study ,Areas

To determine the effects of varying disturbances upon horses, it was necessary
first to establish a study site with minimal or no disturbances so that subsequent
perturbations would be better understood. Thus, the three-year intensive study
concentrated on horses within the Granite Range. Once baseline data on natural
grouping patterns, mating systems, foraging mechanics, and reproductive rates were
established, it was then possible to determine the influence of extrinsic disturbances
upon behavioral and demographic responses. Briefer surveys of other horse
populations in adjacent or potential M-X deployment areas varying in disturbance
history and proximity to human settlements were made to compare various aspects
of wild horse biology.

A brief synopsis and categorization of each horse population and its
disturbance history follows. They are ranked in order from minimal to maximum
disturbance (i.e., Area I, 11, etc.). In certain cases, when it was not possible to rank
areas as more or less disturbed than others, the areas were ranked equally. S

Area 1: No disturbances/Pristine = Granite Range

Area 11: Road Disturbances = Needle Range, Ralston Valley, Fox Mountain

Area III: Some shooting and roundups = Division Peak, Lava Beds -

Area IV: Major disturbances Stone Cabin Valley

Area I. The Granite Range was the only site within this rating. From June
1979 until July 1981 only three vehicles gained access to the study site and this was

* accomplished only after dynamite blasted a path through a rock-strewn road.
Recreationists, photographers, hunters, and other forms of human disturbance did
not exceed two parties per year. Field work in this area was performed exclusively
by backpacking.

Area II. The Needle Range, upper hills of eastern Ralston Valley, and Fox
* Mountain are accessible by poor quality dirt roads. During winters they may
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average one vehicle per month whereas summer traffic averages about six vehicles
per month. Only during the hunting and trapping season does vehicular use exceed
30 vehicles per week. Roads through horse habitat in the Needle Range receive
about 50 percent of the above figures based on estimates of HDR field crews.

Area III. The Division Peak, Lava Beds, and Seven Troughs Range areas have
been the focal points of roundups by local government agencies in recent years.
Reports from local inhabitants indicate that harassment, in the form of "wrangling,"
shooting, and chasing of horses, has occurred in the past and continues at present.
Estimated vehicular usage in these areas is indicated in Table D-1.

Area IV. Stone Cabin Valley has been the source of most major and
documented disturbances of horses. BLM personnel indicate roundups of horses have
occurred for the past 30 years. Additionally, shooting, hunting, trapping, and ORV
use occur within habitats utilized by horses and provide further disturbance.
Vehicular usage within this area could not be estimated.

* S
Behavior: Overt Responses

The responses of horses to sonic booms, high flying and low flying (less than
500 ft) aircraft, vehicles on roads, and humans on foot were noted at varying study
sites. Many vagaries in stimulus-response occurred, and the data should be viewed
tentatively. For example, it was not always possible to fly over or approach kon the 0 S
ground) animals in a standardized fashion. However, the data suggest that those
populations with more disturbance in a historical sense tend to exert more energy in
avoiding humans than do those for which harassment is less common (Figures D-1
through D-3).

Mating Systems and Mate Choice

In all populations studied, horses were organized into distinct social groupings.
Those included bands of one or more stallions and their respective harems demales
and young). Males not obtaining harems remained solitary or they joined other
males, an association designated as a bachelor group. Males attempted to
appropriate as many females as were economically defendable. Evidence suggests
that females show mating preferences for individual stallions. It is, therefore,
important to understand how human intrusions affect natural social groupings and,
subsequently, whether reproductive rates are influenced.

In the Granite Range population, natural bands were occasionally split for
short periods of time due to the presence of human observers. Furthermore,
members of groups familiar with one another experience less aggression and forage
more efficiently than do individuals in newly formed bands. In the latter, chances of
reproductive failure (pre- and postnatal losses) are greater for the following reasons.
Newly formed bands (especially those led by young, inexperienced, yet adult
bachelors) inhabit peripheral home ranges or those having inferior food quality

4 throughout the winter; consequently, the chances for increased prenatal mortality
are greater than in more firmly established bands.

In the Granites, at least two bands newly formed in 1980 and 1981 inhabited
less than optimal home ranges. The most dramatic example of this occurred during
the winter of 1980/1981 when a newly formed band spent the entire winter in wina-
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Table D-1. Estimated vehicular usage within
selected horse habitats in the
Great Basin Desert (vehicle/month).

Area
Season

I if III IV

Spring/Summer 0.3 6 10 NA1 I

Fall 0.3 20 30 40++

Winter 0 1 2 NA

T60661110-2-81

1NA not available.
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Figure D-1. Foraging response of wild horses to disturbance.
Level of disturbance increased from a minimum in
Area I to a maximum in Area IV. (NO = not observed,
NA not available, and numbers in parentheses are
sample size.)

851

50 (2 ) ;, ' ',\ ', [.-'.[, ..



I°.

(7) (3) 0 1)

100

(10)

90 (

(7)

80

70 ...

uLJ
I-

60 (29)
-- w 0 - ,,\v ,0

I-- ._, ..... (6) (21
Z 50

40 - _"-'\'..a .-'....0 40:q...;"\

0
30 (24)

20

10

(12)

0 NO NO NA (60)(17) (8) NA (2)_(2)_N

AREA: 11 11 i I V 1 1 I V 1 I~ 1 111 I VI\~ 1I l1 .11 IV 1 1 11 IV/

DISTURBANCE : SONIC HIGH LOW VEHICLE HUMAN
BOOM FLYING FLYING ON FOOT

AIRCRAFT AIRCRAFT

491 4-A

Figure D-2. Flight response of wild horses to disturbance (no.
of times flight occurred -* no. of times foraging
interrupted x 100). Level of disturbance increased
from a minimum in Area I to a maximum in Area IV.
(NO = not observed, NA = not available, and numbers

* in parentheses are sample size.)
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exposed areas with little shelter, all above 7,000 ft, while the remaining bands were
in more protected basins at 5,000 ft. Mortality occurred in the high altitude group.
Thus, some data are suggestive that mortality can result from changes in band
composition, and it is likely that normal mating and/or grouping patterns can be
interrupted with deleterious effects if entry into wild horse habitat occurs without
caution. 0

Foraging Ecology

Theory and previous data (Berger et al., in press) predict that animals
maximize their energy intake by foraging with few interruptions. Individuals
feeding most efficiently should convert the energy accrued into reproductive effort 0
(i.e., fetal growth, milk production, etc.) rather than body maintenance. Previous
studies (Berger et al., in press and literature therein) indicated that pronghorn in
disturbed environments interrupted foraging more frequently, for greater periods of
time, and overexploited food patches more often than did undisturbed populations,
simply because the former were more vigilant due to a history of past disturbance. I •]

For horses, there are no a priori reasons to believe that the time-energy
budgets of foraging animals would not also vary in accordance with disturbance
history. However, contrary to the above hypothesis, our data reflect no clear
differences in the time-energy budgets of foraging horses (Table D-2). In other
words, horses in Stone Cabin Valley (the most disturbed environment) did not appear
to interrupt foraging for surveillance activities any more than did horses in other 0
areas. It seems likely that feral horses are not as vigilant as native North American
ungulates--possibly because natural predators are few. They thereby do not fit the
prediction that increased vigilance responses occur in accordance with disturbance
history. It is plausible that the fact that horses have been domesticated for
thousands of years accounts for their low vigilance rates, even in areas of
disturbance. ]

Demography, Natural Patterns

Data are not yet available to understand the extent to which food resource
quality, abundance, and distribution affect reproduction in horses. Without such
information it is not possible to determine or separate the confounding variables It
influencing feral horse demography. For example, if two populations, "A" and "B",
have identical recruitment rates (i.e., 50 percent of the adult females produce foals
annually and the survival rate is 90 percent), it still would not be possible to know
whether "A" did so because food was abundant while "B" did so because females
incurred energy debits in relation to factors associated with disturbance. Many
other vagaries could be superimposed on this simple example as well. The only valid
conclusion that could be reached based on existing evidence is that recruitment
rates are similar. The underlying causes, whether reflecting true biological trends
or reflecting human disturbance, could not be known. Given the above problem in
interpreting the mechanisms responsible for demographic rates, the following
statements should be accepted as tentative only.

The Granite Range has the greatest animal productivity (Table D-3) and has
averaged about 0.9 foals per mare annually, while the two more disturbed sites have
experienced recruitment rates of about 0.3 foals per mare per year. However, the
conclusion that disturbance has reduced annual productivity due to increased energy
expenditure by females seems unwarranted for at least three major reasons.
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Table D-2. Average number of minutes per 10 minute foraging _
bout spent in surveillance by gravid mares.

Study Site

Granite Range Stone Cabin Valley
Sample Size Surveillapce Sample Size Surveillapce

Time amlceTime

66 0.18 8 0.25

T6067/10-2-81

IDifferences in surveillance time were not significant at the
95 percent confidence level (p greater than 0.05) using the
t-test.
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Table D-3. Foal to mare ratios in selected geographical
areas. _-_

Area
Date of Census

1 11 III IV

Summer 1980
I

Number of Adult Females 26 -- NA 27

Foal/Mare Ratio 0.88 -- NA 0.29

Summer 1981 diNumber of Adult Females 29 24 NA NA

Foal/Mare Ratio 0.86 0.33 NA NA

T6068/10-2-81

1NA not available.
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First, the Granite Range has more altitudinal relief and topographical diver-
sity than the habitats of other populations studied. Since the Granites exceed 9,000 -

* ft, horses have opportunities to migrate altitudinally, explo;t heterogeneous environ-
- ments, and avoid biting insects.

Second, the Granite Range horses have greater opportunities to exploit richer -.

food bases than other populations because the former feed on high altitude bunch
grasses. In contrast, Stone Cabin Valley horses probably have a much more limited
food supply since few opportunities for altitudinal migration exist. Furthermore, in
late fall, the available grasses in Stone Cabin Valley become leached and increase in
lignification, resulting in less digestible energy for horses. Stone Cabin Valley
horses are unable to follow plant phenological sequences like Granite Range horses
can. - -

Third, competition with domestic livestock does not occur in the Granites
whereas all other study sites have at least periodic seasonal competitors. In
summary, it appears that food competition rather than disturbance histories may be
the most significant factor contributing to differences in demography between horse
populations. Corroborative data supporting this trend were presented in Table D-2
where differences in surveillance rates were not detected.

Domestication
0 I

Hafez (1968) described general adaptive trends in domesticated mammals. In
essence, the processes of natural selection have been altered by man to provide for
durable animals capable of subsistence (at some times) under arduous and primitive
conditions. Since horses are large-bodied generalist herbivores, they tend to be
more resilient than native large mammals, and they persist under a wide range of
environmental conditions extending from the Yukon Territories to Mexico. Although
horses evolved as grazers they subsist on a varied diet (e.g., browse in the Grand
Canyon). Horses do not appear as susceptible to disturbances as native species and *

become habituated much more easily. It seems likely that horses will not be
impacted by construction and other M-X related activities to the same level as
native wildlife provided that laws pertaining to protection from shooting, chasing,
and other harassment are strictly enforced. .
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